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Abstract

The aim of the study was to determine the factors influencing functional outcomes and the likelihood of
mechanical and infectious complications in patients with tumor involvement of the distal femur who underwent
primary oncological knee arthroplasty.

Methods. We analyzed the treatment results of 227 patients who underwent primary oncological knee
arthroplasty for tumor involvement of the distal femur between 2003 and 2018. Functional outcomes were
assessed using the MSTS scale at the 12-month follow-up, while mechanical and infectious complications
were evaluated according to the ISOLS classification. We also examined the factors affecting these outcomes.
Results. Various types of complications occurred after an average period of 70.5 months in 70 (30.8%) patients:
infection (type IV) — 16 cases (7.1%); prosthesis failure (type III) — 13 (5.7%); instability of prosthetic components
(type II) — 41 (18.1%). Active drainage did not affect the risk of infectious complications but significantly
reduced postoperative hospital stay (p<0.001). Patients weighing more than 90 kg had a statistically significant
increase in the risk of construct failure (p = 0.044). The use of rotating platform prostheses significantly reduced
the risk of component failure (p = 0.016). When anatomical femoral stems and rotating platform prostheses
were used, there was a significant reduction in the risks of component instability (p<0.001). The type of fixation
did not increase the risk of mechanical complications (p = 0.860). Utilization of a thin cement mantle decreased
the risk of prosthesis instability by 5.1 times compared to standard cementation techniques, with statistically
significant differences in odds ratios. The median function of the knee joint, as measured by the MSTS scale,
was 80%. Patients operated through the subvastus approach demonstrated the best joint function (p<0.001).
At the 60-month follow-up, overall prosthesis survival rates ranged from 80 to 100%. However, at 125 months,
the leading prostheses were Stryker (92.9%), MUTARS (71.8%), and Biomet (69.1%).

Conclusions. Rotating-hinge endoprostheses showed optimal performance in reducing the risks of mechanical
complications and increasing a construct lifespan. It is essential to use anatomically shaped stems when
installing the femoral component. The choice of fixation method does not influence survival rate or stability
of the component. It does, however, allow surgeons to take an individualized approach based on the patient’s
weight, age, and bone condition. The medial subvastus approach offers the most favorable conditions for
restoring knee joint function.

Keywords: oncological knee arthroplasty, cemented fixation, cementless fixation, fixed hinge, rotating hinge,
surgical approach.

Cite as: Mikailov I.M., Tikhilov R.M., Grigoriev P.V. Efficacy Evaluation of Primary Oncological Knee Arthroplasty
in Patients with Tumor Involvement of the Distal Femur. Traumatology and Orthopedics of Russia. 2025;31(1):5-19.
(In Russian). https://doi.org/10.17816/2311-2905-17679.

DK Iikin M. Mikailov; e-mail: mim17 @mail.ru
Submitted: 17.02.2025. Accepted: 28.02.2025. Published online: 12.03.2025.

© Mikailov I.M., Tikhilov R.M., Grigoriev P.V., 2025

5 2025;31(1) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

CLINICAL STUDIES

Hayans crams S —

VIK 616.718.46-006-089.844
https://doi.org/10.17816/2311-2905-17679

OueHka 3¢ (HeKTUBHOCTU NEePBUYHOIO OHKOJIOrMYECKOro
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Pedepar

Llens uccnedoeanus — onpenennTb GakTOPbI, BAMUSIONME Ha QYHKIIMOHATbHbIE PE3YIbTaThl ¥ BEPOSITHOCTh MeXaHNUeCKUX
" MHGPEKLUMOHHbIX OCTOXKHEHMI Y TTALMEHTOB C OIYXOJIeBbIM MOpakeHNeM AMUCTaIbHOTO OTheNna 6eipeHHOl KOCTH, Iepe-
HeCLIMX TepBUYHOE OHKOJIOTMYECKOe SHA0IIPOTe3UPOBaHMe KOJIEHHOTO CyCTaBa.

Mamepuan u memoOds!. BbITIONHEH PeTPOCIIEKTUBHBIN aHAIN3 Pe3yAbTaTOB JeueHus 227 MalMeHTOB, KOTOPbIM B IIEPUOL,
¢ 2003 o 2018 r. mpoBOAMIIOCH IEPBMYHOE OHKOJIOTMYECKOEe SHJIONIPOTEe3MPOBaHMe KOJEHHOIO CycTaBa o MOBOLY OITyXO-
JIEBOTO TOpPaskeHUsI TUCTANLHOTO OThena 6enpeHHO Koctu. OueHmBaM GYHKUVMOHAAbHbIE pe3y/abTaThl MO IKage MSTS
yepes 12 Mec., MexaHUUecKue ¥ MHGeKIMOHHbIe OCT0KHeHMsI 110 Kinaccubukaimm ISOLS, a Takke pakTOpbI, OKa3bIBaIOLMe
Ha HUX BJINUSIHUE.

Pesynsmamet. PasnyuHble BUIbI OCIOKHEHMIT CO CpeTHUM CPOKOM uX pa3Butus 70,5 mec. 66111 BoisiBIeHb! y 70 (30,8%) ma-
LMEeHTOB: MHGeRuys (tui [V) — 16 (7,1%); paspyuenne sumporpotesa (tut I11) — 13 (5,7%); HecTabMJIbHOCTb KOMIIOHEHTOB
sHpomnpotesa (tui II) — 41 (18,1%). Vicnonb30BaHMe aKTUBHOTO JPEHMPOBAHMS He MTOBAMSIIO Ha PUCK Pa3BUTHUS MHGEKII-
OHHBIX OCJIOXKHEHMIT, HO TIO3BOJIVJIO YMEHBIIUTD MTOCE0TIEPALIMOHHbIN KOViKo-IeHb (p<0,001). IIpu Bece maumeHTa 6oee
90 Kr MOBBIIAANUCH PUCKM pa3pylieHus KOHCTpykuuu (p = 0,044). Vicrionb30BaHMe 3HAOIPOTE30B C POTALMOHHON TIaT-
dbopmoit cHMKAIO PUCKU pa3pyIleHNs] KOMITIOHEHTOB aHJomnpoTesa (p = 0,016). IIpu ucnonb30BaHMM aHATOMUYECKUX bel-
PEHHBIX HOXKeK U MPOTe30B C POTALMOHHOI M1aTdOPMOit 0TMeUaaoch 3HAaUMMOe CHMUKeHMe PUCKOB (opMMpoBaHus Hec-
TaOWJIbHOCTM KOMIIOHEHTOB (p<0,001). Buz ¢ukcanmy KOMIIOHEHTOB He BJAMSIJI HA YaCTOTy MeXaHUUeCKUX OCIOKHeHU
(p = 0,860). Vcrionb30BaHMe TOHKOM IEMEHTHOM MaHTUM MMO3BOJIMJIO CHU3UTH B 5,1 pasa pucKu pasBUTUS HECTAOMITbHO-
CTY SHJOMPOTe3a M0 CPAaBHEHMIO CO CTAHAAPTHON TEXHMKOI LleMeHTMPOBaHMSI, Pa3IMUMsI LIAHCOB ObUIM CTaTUCTUIECKU
3HauUMMbIMM. MeayaHa GyHKLMM KOJIEHHOTO cycTaBa Imo mkane MSTS cocraBuia 80%. Hamnyuiryto GyHKI[MIO CycTaBa Mpo-
JIeMOHCTPUPOBAJIM MAIMEHThI, ITPOOIIEPUPOBAHHBIE U3 BHYTPEHHEro gocrtyma subvastus (p<0,001). Ha cpoke HabomeHMst
60 mec. 061ast BBDKMBAEMOCTb SHIONPOTE30B BapbupoBaiack oT 80 mo 100%. Crrycts 125 Mec. SBHbBIMM JInepamMy ObUK
sHpomnpoTe3bl pupm Stryker (92,9%), MUTARS (71,8%) u Biomet (69,1%).

3axnrouenue. HayiMeHblIMe pUCKY MeXaHUMYECKMX OCIOXKHEHMI U TOBBILIEHME CPOKOB BbDKMBAEMOCTM KOHCTPYKIIMM Ha-
6/TI0aMVCh IIPU MMILIAHTAL[MM YHIOMPOTE30B C HAIMUMEM POTAllMM B LIADHUPHOM MexaHu3Me. O6s13aTe/bHbIM IPaBUJIOM
YCTaHOBKM GeIpeHHOT0 KOMITOHEHTA CIelyeT CUMTATh MCII0Ib30BaHMe HOXKeK aHaToMIuecKoit hopmbl. Bei6op Buaa dbumkca-
LMY KOMITOHEHTA He BIMSIeT Ha eT0 BbIKMBAeMOCTh U CTaOUIbHOCTD, HO SIBJISIETCSI OILIMEl, KOTOpast JaeT BO3MOXKHOCTb XU-
PYPry OCyLIeCTBISITh MHIMBUAYATbHBIN [TOIXO[ B 3aBUCMMOCTHM OT Beca, BO3pacTa U COCTOSTHUSI KOCTU NauueHTa. Hanbomnee
671aroIpUSITHBIE YC/IOBUSI 111 BOCCTAHOBIEHMS (DYHKIMM KOJIEHHOTO CyCTaBa 0becieuyBaeT UCIOIb30BaHMe MeAalbHOrO
JocTyra subvastus.

KiioueBble €JIOBa: OHKOJIOTMYECKOe IHIOMPOTe3MpPOBaHMe KOJIEHHOTO CycTaBa, IleMeHTHas duxcauusi, 6eclieMeHTHAas
(ukcaums, poTarMOHHbIN MWAapHUP, PUKCUPOBAHHBIN MIAPHUP, XUPYPTUIECKUIA JOCTYII.

IOnsa uurtupoBanus: Muxkaitnos WM., TuxwioB P.M., I'puropreB IL.B. OueHka 3(deKTUBHOCTY MepBUYHOTO
OHKOJIOTMYECKOT0 3HAONPOTe3MPOBAaHMSI KOJEHHOIO CyCTaBa IIPM OIyXOJIEeBOM IOpakeHUM IMUCTaJbHOTO OTHena
6enpeHHoi Koctu. Tpasmamosiozus u opmonedust Poccuu. 2025;31(1):5-19. https://doi.org/10.17816/2311-2905-17679.
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INTRODUCTION

Oncological arthroplasty is the primary surgical
method for treating bone tumors of the knee
joint. This approach not only allows for tumor
removal but also restores joint function and limb
weight-bearing capacity [1, 2].

In the early stages of orthopedic oncology,
the increasing number of arthroplasties was
accompanied by a high rate of oncological
complications, as well as challenges related to
implant quality, the lack of understanding its
optimal design, and the absence of a proven
implantation technique. These factors naturally
led to a high rate of various complications and
controversial functional outcomes [2, 3].

Alongside advances in systemic and
pharmacological cancer therapy, the develop-
ment of new technologies and materials used in
modern prostheses has significantly improved
the effectiveness and safety of this method
[4, 5, 6].

The active development of oncological
arthroplasty has led to key advancements in this
field, including the implementation of modular
systems, the possibility of both cemented and
cementless fixation, variations in the length,
shape, curvature, and surface texture of the
stems, and the refinement of the different types
of hinge mechanisms from fully constrained
hinge designs to modern rotating prostheses
that allow for knee joint rotation, as well as the
development of patient-specific components
using 3D printing. All these innovations have
been developed to increase prosthesis survival
and functional outcomes [1, 7, 8, 9].

Among the advantages of the prostheses
with a rotating-hinge mechanism are their
improved anatomical compatibility, prevention
of component instability by lowering the stress
at the bone-implant interface, and the relatively
low rate of mechanical complications associated
with prosthetic failure. Some authors report
statistically significantly better functional
outcomes in patients who received rotating
knee prostheses. However, multi-center studies
and meta-analyses generally do not reveal
statistically significant differences in prosthetic
survival based on the presence of rotating
platforms, while fully constrained prostheses are
often more cost-effective [4, 10, 11, 12, 13].

The comparison of different fixation methods
and their impact on mechanical complication
rates and prosthetic survival has shown that,
when proper cementation techniques are
followed, the rate of complications related to
prosthetic instability is comparable to that of
cementless fixation. However, many authors note
that cementless fixation offers better 10-year
survival rates (cemented: 45-75%, cementless:
65-90%) [14, 15, 16, 17, 18].

As the survival rate of oncological knee
prostheses has increased, long-term operational
characteristics have become more apparent.
E. Carlisle et al. have highlighted weak points
in prosthetic design that have become evident
during extended follow-up. One of such
drawbacks is the fracture of GMRS cementless
stems with a diameter of 11 mm or less.
Consequently, for patients with narrow femoral
canals, the authors recommend cemented
fixation with a minimal cement mantle
thickness as an alternative [19].

The optimal cement mantle thickness for
diaphyseal fixation components (stems) remains
an open question. Excessive cement mantles
are objectively considered a significant risk
factor for the instability of oncological knee
prosthesis [9]. Many prosthetic manufacturers
recommend a thickness of 2-3 mm as a
standard, which most surgeons strive to follow.
However, Y. Numata et al.,, in their study
on the so-called “French paradox”, suggest that
an ultrathin cement mantle (<1 mm) can achieve
good prosthetic survival outcomes [20].

Even a stable, structurally intact prosthesis
cannot ensure good knee joint function if
the patient has a limited range of motion or
quadriceps muscle atrophy. These factors
inevitably lead to gait disturbances, lameness,
increased mechanical stress on the prosthesis,
and ultimately reduced implant survival [21].

Despite the growing number of publications
on oncological knee prostheses, study results
vary significantly. The choice between cemented
and cementless fixation, the effectiveness of
rotating-hinge mechanisms, and strategies for
optimizing postoperative functional recovery
still remain relevant questions [22, 23, 24, 25].

To address these issues, we conducted a
retrospective study focusing on patients with
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tumors of the distal femur, as this patient group
is at the highest risk for mechanical compli-
cations, particularly aseptic prosthetic loosening
and failure.

The aim of the study was to identify factors
influencing functional outcomes and the
probability of mechanical and infectious
complications in patients with distal femoral
tumors who had undergone primary oncological
knee arthroplasty.

METHODS

During 2000-2024 more than 500 primary
oncological knee arthroplasties have been
performed at our center. Given the Ilong
observation period and incomplete data on each
patient necessary for study group formation, we
established the following inclusion criteria:

- patients who underwent operation for
the bone tumor of the distal femur (primary
benign and malignant tumors, secondary bone
metastases);

- a minimum follow-up period of 60 months
after the initial surgical treatment;

— availability of complete clinical data
necessary for study objectives (diagnosis,
prosthesis type, surgical approach, fixation
method, and functional outcomes).

Exclusion criteria:

- patients  with  oncological disease
progression in the form of local recurrences or
metastatic spread, as the evaluation of these
complications was outside the scope of the study;

— patients operated with the use of non-
standard techniques or patient-specific
prostheses from unknown manufacturers
(Vorontsov method with the use of a molded
cemented articulating  spacer, revision
constrained knee prostheses using massive
structural allografts);

— patients who received short femoral stems
(<10 cm).

We identified five patients with severe knee
extension contractures (range of motion limited
to 10-20°), classified as Type I complications
according to the ISOLS classification [26].
These contractures were caused by improper
tibial component positioning or violation
of rehabilitation protocols due to individual
circumstances. All five patients subsequently
underwent revision procedures, including

arthrotomy and debridement or tibial tuberosity
osteotomy with its proximal transposition. Since
these cases showed no correlation between
negative outcomes and prosthetic design and
were too few for statistical analysis, they were
excluded from the study.

A total of 227 patients who underwent primary
oncological knee arthroplasty for distal femoral
tumors between 2003 and 2018 were included
in the retrospective study.

The following parameters were analyzed:

- functional outcomes based on the MSTS
score at 12 months [27];

- mechanical and infectious complications
according to the ISOLS classification (Type I - soft
tissue failure; Type II — aseptic loosening; Type
IIT - structural failure; Type IV - periprosthetic
infection; Type V - tumor progression with
contamination of prosthesis) [26];

- factors influencing complications: surgical
approach, resection extent, patient weight,
use of drains, prosthesis model, fixation type,
presence of rotating platform, stem shape and
diameter.

Knee arthroplasty was performed for various
tumor types: 51 cases (22.5%) involved primary
malignant neoplasms, 162 cases (71.4%) involved
locally aggressive benign tumors, and 14 cases
(6.2%) involved secondary metastatic lesions.

Among patients included, 50.2% (n = 114)
were female and 49.8% (n = 113) were male.
The median follow-up period was 79 months
[67.5-99.5], (min — 12, max — 176).

Categorical variables describing the study
group are presented in Table 1, while quantitative
variables are presented in Table 2.

Patients with cemented fixation components
(168 cases, 74%) were divided into two
groups based on cementing technique. An
ultrathin cement mantle (<1 mm) was used
in 91 cases (54.2%), while the standard
technique (2-3 mm mantle) was applied in
77 cases (45.8%). The impact of cement mantle
thickness on complication rates and prosthetic
survival was assessed.

To evaluate the effect of drains on the risk of
infection, a group of 133 patients with rotating-
hinge prostheses was analyzed: 48 cases (36.1%)
had no active drainage, with only joint aspiration
performed, 85 cases (63.9%) had drains left
in place for 2-5 days postoperatively.
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Table 1
Descriptive statistics for categorical variables of the study group
Variable Category Absolute % 95% CI
Stem shape Anatomical 183 80.6 74.9-85.5
Straight 44 194 14.5-25.1
Type of fixation Cementless 59 26.0 20.4-32.2
Cemented 168 74.0 67.8-79.6
Rotating platform Absence 67 70.5 64.1-76.3
Presence 160 29.5 23.7-35.9
Approach Lateral 62 27.3 21.6-33.6
Medial parapatellar 94 414 34.9-48.1
Medial subvastus 71 31.3 25.3-37.7
Table 2
Descriptive statistics for quantitative variables of the study group
Variable Me Q,-Q, n min max
Age, years 45.00 36.00-56.00 227 19.00 82.00
Weight, kg 79.00 72.50-88.00 227 45.00 110.00
Resection extent, cm 14.00 12.00-15.00 227 7.00 28.00
Stem diameter, mm 14.00 13.00-15.00 227 10.00 17.00
Onset time of complications, months 70.50 42.00-93.75 70 12.00 144.00
Postoperative length of hospital stay, d 10 7.00-12.00 133 5 18

When assessing functional outcomes, the type
of surgical approach was taken into account:
lateral - 62 (27.3%), internal parapatellar —
94 (41.4%), and medial subvastus — 71 (31.3%).
Additionally, the limitation of active extension
and the range of motion in the knee joint were
evaluated.

The following oncological prosthetic systems
were implanted: Biomet OSS (121 cases, 53.3%),
LINC (20 cases, 8.8%), MUTARS (29 cases, 12.8%),
ProSpon (1 case, 0.4%), Stryker (37 cases, 16.3%),
and Phoenix (19 cases, 8.4%).

Statistical analysis

Statistical analysis was performed using the
Windows OS and the Microsoft Excel and StatTech
4.7.2 (StatTech, Russia) software.

For descriptive statistics, data were presented
as percentages. In all groups, the median (Me)
was used as the measure of central tendency,
while the lower (Q,) and upper (Q,) quartiles
[25-75% interquartile range] were used as the
measure of dispersion. Categorical data were

described with absolute values and percentage
proportions; 95% confidence intervals (95%
CI) for proportions were calculated using the
Clopper-Pearson method. The comparison of
two groups by a quantitative variable with a
non-normal distribution was performed using
the Mann-Whitney U test. The comparison of
the frequency characteristics of qualitative
variables was conducted using nonparametric
methods: the x2 test, Yates’ x2 test, and Fisher’s
exact test. A predictive model describing the
dependence of a quantitative variable on factors
was developed using linear regression. The
direction and strength of the correlation bet-
ween two quantitative variables were assessed
using Spearman’s rank correlation coefficient
(for non-normally distributed data). Survival
analysis was conducted using the Kaplan-Meier
estimator. Statistical significance was set at p<0.05.
To ensure completeness of description and ease
of interpretation and comparison, quantitative
indicators across different study subgroups were
presented in the form of box-and-whisker plots.
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RESULTS

Various types of complications, with an average
onset time of 70.5 months, were identified
in 70 patients (30.8%). Depending on the type
of complication, they were distributed as
follows: infection (Type IV) - 16 cases (7.1%),
with a median onset time of 20.5 months;
prosthetic failure (Type III) — 13 cases (5.7%),
Me = 71 months; and prosthesis instability
(Type IT) — 41 cases (18.1%), Me = 84 months.

The analysis of the probability of developing
infectious complications did not reveal any
significant associations with an oncological
diagnosis (p = 0.399), patient age (p = 0.36),
resection extent (p = 0.106), the presence of
drainage (p = 1.000), prosthesis fixation type
(p = 1.000), or the presence of a rotating
platform (p = 0.361). The only factor that
showed a statistically significant influence on
the occurrence of infectious complications was
patient weight (p = 0.017).

To assess the discriminatory ability of
weight as the predictor of complications, a ROC
analysis was performed, with the resulting curve
shown in Figure 1.

The analysis of model sensitivity and
specificity is presented in Figure 2.

Weight was a statistically significant predictor
of infectious complications (AUC = 0.682; 95%
CI: 0.531-0.832, p = 0.017). The cut-off point
for weight corresponding to the highest Youden

Sensitivity

1,00
0,75
0,50
0,25
0,00
0,00 0,25 0,50 0,75 1,00
Specificity

Figure 1. ROC curve characterizing the
discriminatory ability of weight in predicting the
risks of infectious complications

index was 81 kg. Infectious complications were
predicted for patients with a weight equal to or
greater than this threshold. The sensitivity and
specificity of the resulting predictive model were
81.2% and 57.3%, respectively.

Although the use of active drainage did not
affect the risk of infectious complications, it
significantly reduced the postoperative length
of hospital stay (p<0.001, Mann-Whitney U test)

(Figure 3).

100,0 |

|
75,0 !
® f
500 '
=
25,0
0,0 |
60,00 80,00 100,00
Weight, kg
=== Specificity Sensitivity

Figure 2. Dependence of sensitivity and specificity
of the model on threshold values of estimated
probability for complication development
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Figure 3. Postoperative length of hospital stay
depending on the installation of active drainage
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All patients with deep periprosthetic infection
underwent two-stage revision knee arthroplasty.

Type III complications, according to the
ISOLS classification, included stem fractures
in 3 cases and hinge mechanism failure in 10
cases. No bone fractures unrelated to prosthetic
component instability were observed in the
study group. All cases of bone perforation by
prosthetic components were classified as Type II
complications.

We analyzed the influence of quantitative
and categorical factors on the probability of
developing Type III complications. The results
are presented in Tables 3 and 4.

According to the obtained data, the risk
of complications related to structural failure
showed a statistically significant association
with patient weight (p = 0.044). However, no
statistically significant differences were found
when comparing the extent of resection and stem
diameter (p = 0.613 and p = 0.085, respectively)
(both Mann-Whitney U test).

ROC analysis was performed to assess the
discriminatory ability of weight as the predictor
of complications, with the resulting curve shown
in Figure 4.

Weight was a statistically significant
predictor of Type III complications (AUC =0.668,;
95% CI:0.501-0.834, p = 0.044). The cut-off point
for weight corresponding to the highest Youden
index was 90 kg. Complications of this type were
predicted for patients with a weight equal to or
greater than this threshold. The sensitivity and
specificity of the predictive model were 46.2%
and 85.4%, respectively.

Based on the obtained data, the use of
prostheses with a rotating platform significantly
reduced the risk of prosthetic component failure
(p = 0.016), whereas the type of fixation did
not show statistically significant differences
(p = 0.743) (Fisher’s exact test).

We also analyzed the factors influencing the
development of complications associated with
component instability (Type II) (Tables 5 and 6).

Table 3
Influence of quantitative factors on the probability of developing Type III complications
Complications
Factor Category p
Me Q,-Q, n
Absence 78.00 69.00-86.00 157
Weight, kg 0.044*
Presence 87.00 74.00-98.00 13
Absence 14.00 12.00-15.00 157
Resection extent, cm 0.613
Presence 15.00 10.00-15.00 13
Absence 14.00 13.00-15.00 157
Stem diameter, mm 0.085
Presence 14.00 14.00-15.00 13
* — differences are statistically significant (p<0.05).
Table 4
Influence of categorical factors on the probability of developing Type III complications
Complications, n (%)
Factor Category )
absence presence
Presence 123 (95.3) 6 (4.7)
Rotating platform 0.016*
Absence 34 (82.9) 7(17.1)
Cementless 40 (90.9) 4(9.1)
Type of fixation 0.743
Cemented 117 (92.9) 9(7.1)

* — differences are statistically significant (p<0.05).
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Figure 4. ROC curve characterizing the
discriminatory ability of weight in predicting type III
complications

Drawing from the presented data, statistically
significant differences were observed when
anatomical femoral stems and prostheses with
a rotating platform were used, both of which
reduced the risk of component instability
(p<0.001, p<0.001, respectively) (Fisher’s exact
test, Pearson’s x? test). The use of cemented

versus cementless fixation did not show
statistically significant differences (p = 0.860)
(Pearson’s x? test).

According to the presented table, statistically
significant differences were found when analyzing
stem diameter (p<0.001) (Mann-Whitney
U test). However, patient weight and the extent
of resection did not show statistically significant
differences in relation to the presence or absence
of Type II complications (p = 0.108, p = 0.657,
respectively) (both Mann-Whitney U test).

ROC analysis was performed to assess the
discriminatory ability of stem diameter as a
predictor of complications, with the resulting
curve shown in Figure 5.

Stem diameter was a statistically significant
predictor of knee prosthesis instability (AUC =
0.836; 95% CI: 0.778-0.894, p<0.001). The cut-
off point for stem diameter corresponding to the
highest Youden index was 13 mm. Complications
were predicted for stem diameters below this
value. The sensitivity and specificity of the
resulting predictive model were 65.9% and 98.1%,
respectively.

Table 5
Influence of categorical factors on the probability of developing Type II complications
Complications, n (%)
Factor Category P
absence presence

Anatomical 154 (92.8) 12 (7.2)

Stem shape <0.001*
Straight 3(9.49) 29 (90.6)
Presence 123 (86.0) 20 (14.0)

Rotating platform <0.001*
Absence 34 (61.8) 21 (38.2)
Cementless 40 (78.4) 11 (21.6)

Type of fixation 0.860
Cemented 117 (79.6) 30 (20.4)

* — differences are statistically significant (p<0.05).
Table 6
Influence of quantitative factors on the probability of developing Type II complications
Complications
Factor Category p
Me Q,-Q, n

Absence 78.00 69.00-86.00 157

Weight, kg 0.108
Presence 83.00 73.00-91.00 41
Absence 14.00 12.00-15.00 157

Resection extent, cm 0.657
Presence 14.00 14.00-15.00 41
Absence 14.00 13.00-15.00 157

Stem diameter, mm <0.001*
Presence 12.00 12.00-13.00 41

* — differences are statistically significant (p<0.05).
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Figure 5. ROC curve characterizing the
discriminatory influence of stem diameter on
predicting prosthesis instability

To determine the optimal cementing
technique for the femoral component, we
analyzed the risk of instability based on the
use of an ultrathin cement mantle (Figure 6).
According to the obtained data, statistically
significant differences were identified (p<0.001)
(Pearson’s x> test).

The odds of complications in the group
of patients using the thin mantle technique
were 5.1 times lower compared to the group
where the standard cementing technique was
used. The differences in odds were statistically
significant (OR = 0.196; 95% CI: 0.080-0.480).

The median value of knee joint function,
assessed using the MSTS questionnaire at

100,0

50,0

25,0

Percentage of observations, %

0,0
Thin mantle

Standard mantle
Type of mantle

Complications

. Absence B Presence

Figure 6. Proportion of type II complications
depending on the cement mantle thickness

12 months post-surgery, was 80% [76.7-86.7]
(min - 67.7%; max — 96.7%). The median range of
motion was 90° [90-110] (min - 35°, max — 120°).
The limitation of active extension was observed
in 61 patients (26.9%).

We analyzed the impact of limited active
extension on knee joint function using the
MSTS questionnaire (Figure 7). The limitation
of active extension significantly reduced knee
joint function (p<0.001) (Mann-Whitney U test).

The correlation analysis of the relationship
between joint function and range of motion
revealed a significant positive correlation.
According to our data, for every 1° increase in
range of motion, joint function improved by
0.257%. The obtained model explains 34.9% of
the observed variance (Figure 8).

When comparing joint function based on
the surgical approach, statistically significant
differences were found (p<0.001) (Kruskal-
Wallis test). The best joint function was
observed in patients who underwent operation
using the medial subvastus approach (p<0.001).
However, it is worth noting that the lateral
approach also had a statistically significantly
better effect on joint function compared to
the medial parapatellar approach (p<0.001)
(Figure 9).

90,00

80,00

MSTS 12, %

73,30

70,00

Limited active extension

. Absence Presence

Figure 7. Joint function scores on the MSTS
scale depending on the presence of limited active
extension
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Figure 8. Regression function graph showing the
dependence of MSTS scale function on the range
of motion at 12 months postop
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Figure 9. Joint function scores on the MSTS scale
depending on the surgical approach

We also identified significant differences when
evaluating the impact of the surgical approach
on the limitation of active extension and range
of motion (Figures 10 and 11).

The use of the medial subvastus approach
statistically significantly reduced the probability
of the limitation of active extension in the
operated knee (p<0.001) (Pearson’s x? test).

When assessing the range of motion based on
the surgical approach, statistically significant
differences were found (p = 0.006) (Kruskal-
Wallis test).

100,0
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Figure 10. Limitation of active extension depending
on the surgical approach

L]
L]
. 100,00 1
o
[T}
= 000 000 | 000 |
o
S
£
E 7500 {
o
(]
(=]
c
L]
[« 4
50,00 1

Approach

- LAT . Transvastus ' Subvastus

Figure 11. Range of motion depending on the
surgical approach

Both the Ilateral and medial subvastus
approaches were more favorable for preserving
knee joint range of motion compared to the
medial parapatellar approach. However, no
statistically significant differences were found
between the lateral and medial subvastus
approaches (p = 0.952) (Mann-Whitney U test).
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An interesting observation was that when
performing a comparative analysis of the impact
of the lateral and medial subvastus approaches
on functional outcomes and the limitation of
active extension in the group of patients who
underwent surgery with prostheses without a
rotating platform, no statistically significant
differences were found between the two
approaches (p = 0.620) (Mann-Whitney U test)
(p = 0.398, respectively) (Fisher’s exact test).

The results obtained from the assessment
of implant survival based on the presence of a
rotating platform, fixation type, and prosthesis
model are presented in Figures 12, 13, and 14.

Differences in overall survival, assessed
using the likelihood ratio test, were statistically
significant (p<0.001).
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Figure 12. Overall survival curve of endoprostheses
depending on the presence of a rotating platform

When evaluating the relationship between
overall prosthesis survival and the studied factors
using Cox regression, the following proportional
hazards model was obtained:

h(t) = h(t) x exp (1.092 x X),

where h(t) is the predicted instantaneous
risk of complication for the i-th observation
(in %), h,(t) is the baseline instantaneous risk of
complication for a given time t, X represents the
absence of rotating platform.

The risk of complications in patients who
underwent operation with prostheses without
rotating platform was 2.982 times higher
(p<0.001).

- Cementless
100 : Cemented
x 80
g
o
2 60
b i
=}
2 e e e g cn R e sl v
™
o 40
>
o
20
0
0,00 25,00 50,00 75,00 100,00 125,00 150,00 175,00

Follow-up intervals, months

Figure 13. Overall survival curve of endoprostheses
depending on the type of fixation (cemented,
cementless)
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Figure 14. Overall survival curve depending
on the manufacturer of endoprosthesis

The analysis showed that the median
prosthesis survival time was 136.00 months from
the start of observation in both the cementless
and cemented fixation groups (95% CI:
98.00-144.00 months and 95% CI: 116.00-«
months, respectively). No statistically significant
differences were found.

All prostheses demonstrated good survival
rates at 60 months, ranging from 80 to 100%.
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However, at 125 months, the clear leaders were
the prostheses from the companies Stryker
(92.9%), MUTARS (71.8%), and Biomet (69.1%).

DISCUSSION

According to our data, patient weight had a
statistically significant impact on the risk of
periprosthetic infections and component failure.
A critical threshold was identified at a body
weight exceeding 90 kg, which is consistent
with the findings of other authors [9]. Therefore,
patients should be advised to control their
weight in the postoperative period. The use of
oncological knee prostheses with a rotating
platform in the hinge mechanism significantly
influenced several important parameters. We
identified a statistically significant reduction
in the incidence of Type II (p<0.001) and Type
IIT (p = 0.016) complications. Additionally, this
factor positively affected prosthesis survival
(p<0.001). Similar results were obtained in
a study by G.J. Myers et al. However, in their
research, the authors compared the impact of
different hinge mechanisms on implant stability
and survival using hybrid fixation prostheses,
emphasizing this aspect in their conclusions [11].
Such implants were not used in our study.

A noteworthy feature of the Biomet OSS
rotating platform is the absence of a bumper
preventing hyperextension in the knee
joint, which results in increased load on the
anterior section of the mobile-bearing insert.
Consequently, this leads to accelerated wear,
negatively impacting long-term prosthesis
survival, its 10-year survival rate, while only
slightly lower, was still inferior to that of a
modern system without a rotating platform
(MUTARS - 71.8% vs Biomet — 69.1%). Similar
complications, including bumper (polyethylene
bushing) failure in the rotating mechanism of
the Zimmer Segmental implant, were noted
by I. Barrientos-Ruiz et al., who observed this
problem in three patients at mid-term follow-
up. Clinically, this presented as excessive knee
extension and functional impairment [28].

Based on our results, in addition to the
presence of rotating-hinge mechanism, the shape
and diameter of the femoral stem significantly
influenced prosthesis stability. The implantation
of anatomically shaped stems with a diameter
greater than 13 mm substantially reduced the
risk of Type II complications according to the

ISOLS classification. Findings similar to ours
were reported by P. Piakong et al., who observed
no aseptic loosening in patients with cemented
stems of at least 13 mm in diameter, provided
the bone resorption area at the component
interface did not exceed 20% of the contact
surface [25]. However, it is worth noting the study
by A.\V. Sokolovsky et al., which analyzed data
from 1.292 patients and found no correlation
between early or late aseptic loosening after
primary and revision arthroplasty and stem
diameter [9].

An analysis of the impact of the type of fixa-
tion (cemented vs cementless) on complication
risk showed no statistically significant
differences for Type II (p = 0.860) or Type III
(p = 0.743) complications according to the ISOLS
classification. Fixation type also did not affect
prosthesis survival. These findings are consistent
with results from other studies [14, 15, 22].

At the same time, our proposed cementing
technique using a thin mantle significantly
reduced the risk of prosthesis instability
compared to the standard technique (p<0.001).
The most critical factor in this regard is the
pressure exerted by the stem on the cement
during insertion into the canal. Thus, the thinner
the planned mantle, the greater the pressure
on the cement, enhancing its integration into
the bone and ensuring even distribution. One
more key factor is the safe polymerization
temperature, as lower temperatures reduce the
risk of osteonecrosis. J.P. Little et al. reported
that with a cement mantle thickness of up
to 1 mm, the maximum temperature reached
only 32.7°C [29].

As expected, limited active knee extension and
reduced range of motion significantly affected
functional outcomes. We identified a correlation
between these limitations and the surgical
approach used. The most favorable approach for
achieving optimal functional recovery was the
medial subvastus approach (p<0.001). However,
our findings showed no statistically significant
difference in functional outcomes between the
lateral and medial subvastus approaches in
patients with non-rotating platform prostheses,
suggesting that both approaches can be effec-
tively used in clinical practice if the prosthesis
is appropriately selected. This is particularly
important for cases where preoperative biopsy
was performed via the lateral approach.

16 2025;31(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Limitations

The limitation of our retrospective study was the
uneven distribution of patients across the groups
based on the prosthetic models used. This was
due to the inability of a single center to collect
data on all implant designs used. Nevertheless,
the substantial total number of cases, extended
follow-up duration, and completeness of the data,
which allowed for an assessment of key aspects
such as hinge mechanisms, fixation methods,
and surgical techniques, enabled us to address
the primary research questions.

CONCLUSIONS

Based on the results of this retrospective study,
prostheses with rotating-hinge mechanisms
demonstrated optimal performance in terms
of reducing mechanical complication risks
and extending implant survival. The use of
anatomically shaped femoral stems should
be considered a mandatory principle of
implantation. The choice of fixation method
does not impact implant survival or stability but
rather serves as an option that allows surgeons
to tailor their approach according to the patient’s
weight, age, and bone condition. The medial
subvastus approach provides the best conditions
for knee function restoration.

A promising direction for future research
in this field is fostering collaboration among
leading specialists in our country and performing
multicenter studies. Such efforts would facilitate
the accumulation of a larger database on the
survival and performance characteristics of
modern prosthetic models. Based on this
knowledge and experience, the development
and production of a domestically manufactured
oncological knee prosthesis may become feasible.
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Abstract

Background. Lack of adequate treatment for children with Perthes disease leads to the formation of severe
femoral head deformity with articular surfaces incongruity, followed by the development of femoroacetabular
impingement and early hip osteoarthritis. To date, femoral head reduction osteotomy is the most effective
treatment option for such patients. However, the results of its performance have been discussed in only a few
case-control studies with small sample sizes in both international and domestic literature.

The aim of the study was to evaluate the effectiveness and safety of femoral head reduction osteotomy and to
analyze the further development of the hip joint in children operated for severe femoral head deformity due to
Perthes disease.

Methods. We have analyzed preoperative and postoperative results of clinical and radiological examination
of 20 patients (20 hip joints) aged 8 to 12 years with deformed Perthes femoral head and articular surfaces
incongruity. Femoral head reduction osteotomy was performed in all patients.

Results. A radical proximal femoral reconstruction has led to significant improvement in the shape of the
proximal femur with improved head sphericity and restoration of articular congruence. However, at the 6-
to 12-month follow-up, some patients, primarily those with progressive lateral acetabular rim deformity,
exhibited a decrease in the intraoperatively achieved Wiberg angle, an increase in the percentage of femoral
head extrusion from the acetabulum, and varying degrees of Shenton line disruption.

Conclusions. Performing femoral head reduction osteotomy with correct surgical technique is an effective
reconstructive technique for the treatment of children with a severe saddle-shaped deformity of the femoral
head and articular surfaces incongruity. In patients with Toénnis and Sharp angles exceeding the upper limit
of the physiological norm, due to the formation of secondary subluxation, it is advisable to simultaneously
perform femoral head reduction osteotomy and triple/periacetabular pelvic osteotomy. This treatment
option should be chosen only after a critical analysis of potential risks.

Keywords: children, Legg-Calve-Perthes disease, saddle-shaped deformity, incongruity, femoral head
reduction osteotomy, hip subluxation.
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CermeHTapHas peseKkuus rofioBKU 6eapeHHON KOCTH
npu rpy6oi aedpopmaumm anudpusa U AUCKOHIPYIHTHOCTU CYCTaBHbIX
NOBEpXHOCTEN y AeTen ¢ bonesHblo MNepreca

[1.U. boprynés, T.B. backaesa, M.C. [To3HoBuy, /I.b. bapcykos, N.10. [lo3gHNKMH,
A.H. Pycramos

@OIBY «HayuoHanvHwlii MeduyuHcKkuli uccnedosamenwvckuii yeHmp 0emckoti mpasmamosiozuu
u opmoneduu um. I 1. Typrepa» Mun3sopasa Poccuu, 2. Cankm-ITemep6ype, Poccus

Pedepar

AxkmyansHocms. OTCYTCTBYE afieKBATHOTO JieueHUs eTelt ¢ 60me3Hbio [lepreca mpuBOAUT K HGOPMUPOBAHUIO
rpy6oit medopMariuy rosIoBKY C AMCKOHTPYIHTHOCTDIO CYCTaBHBIX TTIOBEPXHOCTE C MOCIEAYIOMIMM Pa3BUTHEM
(bemopo-a1eTabyIIpHOrO MMIIMHIKMEHTA ¥ paHHEro KOKcapTpo3a. B HacTosIee BpeMs y JaHHOI KaTeropumn
MalMeHTOB HanMbosbIei 3¢ GeKTUBHOCTDIO 00/1aaeT CerMeHTapHast pe3eKIys roJIoBKy 6eapeHHoit Koctu. Of-
HaKO pe3y/IbTaThl €€ BBIMOIHEHNMSI B MUPOBOJ 1 OTEUEeCTBEHHOI IUTepaType OCBENIeHbl B €IMHUYHbBIX ITyOI-
KalMsIX C IM3aifHOM «CTy4ail — KOHTPOJIb» ¥ HEGOJBIIMM KOJIMUECTBOM IMallVIEHTOB.

Llenws uccnedosanuss — oneHUTDb 3PGEKTUBHOCTD 1 6€30MaCHOCTD BBITIOJTHEHUST CETMEHTAPHO pe3eKLyy ro-
JIOBKM GeIpeHHO KOCTH, a TaKKe AMHAMUKY JajbHeIIero pasBmuTHs Ta300eIpeHHOro CyCTaBa Ha OCHOBAHUMU
aHa/IM3a Pe3y/abTaTOB XMPYPIrUUECKOTO JIeueHUs AeTeli ¢ rpy6oit qedopMariiyieii TojI0BKY 6eIpeHHO KOCTU TP
6onesuu Iepteca.

Mamepuan u memoost. IIpoBefieH aHaIN3 PE3YIbTATOB KIMHNYECKOTO U JTYUYEBOTO METOJOB MCCAeq0BAHMS
20 manyenToB (20 Ta3o06eqpeHHBIX CYCTaBa) B Bo3pacTe OT 8 mo 12 jieT ¢ rpy6oit medbopmaiiueit ronoBku Ge-
IPEHHOM KOCTY M AMCKOHTPYIHTHOCTHIO CYCTaBHBIX ITOBEPXHOCTEN Ipu 6one3Hu Ilepreca Ao U mocie orne-
pPaTUBHOTO JieueHMsl. BceM malyeHTaM BbITTONHSIJIACh CETMeHTapHasl pe3eKIys roJIOBKY 6eIpeHHO KOCTM.
Pe3ynvmamel. PagyukanbHas peKOHCTPYKIMS MTPOKCUMAabHOTO OTAesIa OeIpeHHOl KOCTH MpuBejia K 3HaAUM-
TeJIbHOMY Y/IyullleHM0 ero hopMmbl, yiaydllieHuIo chepuyHOCTY TOJIOBKM M BOCCTAHOBJIEHUIO KOHTPYIHTHO-
cTu. BMecTe ¢ TeM Ha cpoke Ha6GmOmeHUs OT 6 10 12 Mec. y MalMeHTOB C MMEIEecs MCXOMHO XOTb U He
BBIpaXKEHHO, HO ITporpeccupyloliein nedopmaiieit iaTepajJbHOTO Kpasi BepT/IYKHOI BIIaAMHbI, OTMEUaI0Ch
yMeHbIlIeHVe JOCTUTHYThIX MHTpaoIepalMoHHO 3HaueHui yrina Wiberg, yBenmueHue mpoiieHTa 3KCTPY3un
TOJIOBKY OeIpeHHOl KOCTM U3 BePTIY)KHO BIIaAMHBI, @ TAKKe HapylleHMe HeIpepbIBHOCTY JMHMUM Shenton
pasIMIHOM BBIPAXKEHHOCTU.

3axnioueHue. BrITIOTHEHYE CETMEHTAPHO pe3eKIINy rojOBKM 6eIpeHHO KOCTH € COOMI0IeHMeM KOPPEKT-
HOVi XUPYPTrUUYECKO TEXHUKU SIBISIeTCS 6e30TacHoi U 3G deKTUBHOIN PEKOHCTPYKTMBHOIM METOAMKOIL Jie-
yeHMs JeTeit ¢ rpyboit «cemIoBUAHON» gedopmaliyeii roloBKM 6efpa M OUCKOHTPYIHTHOCTBIO CYCTABHBIX
MOBepXHOCTeN. Y MalMeHToB CO 3HaueHusiMu yriaoB Tonnis u Sharp, mpeBsIaOUIMMMU BEPXHIO I'PaHUILY
cpenHedU3UONIOTMUECKOi HOPMbI, BBUAY OPMMPOBAHMS BTOPUUYHOIO IMOABBIBMXA 11€71€CO000PA3HO CUMYIIb-
TaHHO BBITIONHSITh CETMEHTAPHYIO Pe3eKIINIO TOJIOBKM GepeHHOI KOCTM UM TPOITHYIO/TIepualeTabyaspHyIo
OCTEeOTOMMIO Ta3a Ioc/ie TPOBeleHNsI KPUTUUECKOTO aHaIM3a BO3MOKHbBIX PUCKOB.

KinroueBsbie c1oBa: getu, 6onesHb Jlerra—Kanbse —Ilepreca, cemyioBuaHas mehopMaiiis, IMCKOHTPYSHTHOCTb,
cerMeHTapHasi pe3eKIius TOJIOBKM OeIpPeHHOI KOCTH, ITOABbIBUX Oenpa.
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INTRODUCTION

Perthes disease, historically considered an
osteochondropathy, is now classified as an
idiopathic avascular necrosis of the femoral
head in children [1]. Although the etiology of the
disease has been extensively studied, it
remains not fully clear. Though the primary
hypothesis suggests a multifactorial origin,
several theories have been proposed, including
mechanical, genetic, and systemic risk factors
[2, 3, 4, 5]. According to various authors, the
incidence ranges from 0.4 to 29.0 per 100,000
children per year [6, 7, 8]. The disease typically
manifests between the ages of 3 and 12 years,
most commonly between 5 and 7 years. Boys
are affected up to five times more frequently
than girls, and in 76-90% of cases, the disease
is unilateral [9, 10]. The disruption of blood
supply to the femoral epiphysis is the underlying
cause of the disease, while genetic and other
factors may predispose to its development [11].
Currently, the gold standard for treating children
with Perthes disease is containment therapy,
aimed at preventing femoral head deformity.
This can be achieved either conservatively (using
plaster casts or orthopedic braces depending on
the child’s age) or through reconstructive surgery
[12, 13, 14, 15, 16].

Without appropriate treatment, children with
extensive necrotic focus inevitably develop severe
femoral head deformity and articular surface
incongruity, leading to adduction contracture,
gait disturbances, pain, and ultimately
femoroacetabular impingement and early hip
osteoarthritis [17, 18, 19, 20, 21].

Surgical treatment in such cases remains
challenging, with the optimal correction
technique still debated. Its choice largely depends
on the severity of the femoral head deformity.
The main goals of reconstructive surgery are to
eliminate the pathomechanical conflict between
the femoral head and acetabular rim, improve
the shape of the proximal femoral epiphysis, and
restore congruence in the hip joint.

For children with the severe loss of femoral
head sphericity (saddle-shaped deformity)
and joint surface incongruity, where periarti-
cular osteotomies aimed at primary surgical
containment are contraindicated, the most
appropriate surgical method is femoral head
reduction osteotomy. This technique was first

described by M. Leunig and R. Ganz [22] and later
detailed in a comprehensive surgical technique
report by K.A. Siebenrock et al. [23]. Despite
its high effectiveness, femoral head reduction
osteotomy has been discussed in only a few case-
control studies with small sample sizes in both
international and domestic literature. Additionally,
some studies suggest that most patients who
undergo femoral head reduction osteotomy
subsequently require triple pelvic osteotomy due
to secondary hip subluxation [23, 24].

The aim of the study was to evaluate the
effectiveness and safety of femoral head
reduction osteotomy and to analyze the further
development of the hip joint in children operated
for severe femoral head deformity due to Perthes
disease.

METHODS

Study design: a single-center
prospective cohort study.

Inclusion criteria: age from 8 to 12 years, severe
saddle-shaped femoral head deformity with
articular incongruity, no prior hip operations, no
neurological or hereditary diseases, voluntary
informed consent from legal guardians for
participation in the study.

Exclusion criteria: age below 8 or above 12 years,
preservation of femoral head sphericity, possibility
of achieving primary surgical containment
through extra-articular procedures, confirmed
neurological or hereditary diseases.

The study included 20 patients (20 hip joints)
aged 8-12 years (mean age 10.2%1.1) with severe
femoral head deformity and articular incongruity
due to Perthes disease.

Clinical examination was held according to
standard orthopedic protocols for hip patho-
logy assessment. Comprehensive preoperative
evaluation included hip X-ray imaging in AP and
axial views, as well as in the abducted position
of the lower limbs (to verify the absence of
femoral head centration within the acetabulum,
indicating articular incongruity), along with
computed tomography (CT) and magnetic
resonance imaging (MRI) of the hip joints. All
images were used to assess the true extent of
the femoral head deformity, the condition of
the hyaline cartilage, and the positioning of the
acetabular rim.

Radiographic parameters assessed included
Sharp angle, Tonnis angle, femoral neck-shaft

open-label
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angle (NSA), articulo-trochanteric distance
(ATD), index of sphericity of acetabulum (ISA),
index of sphericity of femoral head (ISH), index
of congruence of articular surface (ICAS), femoral
head extrusion index (FHEI), Wiberg angle, and
Shenton line continuity.

CT was used for the further assessment of the
proximal femoral epiphyseal deformity and signs
of postoperative avascular necrosis.

Surgical technique

Reconstructive operation was performed
under combined anesthesia with multimodal
analgesia for 48 hours postoperatively. We
strictly adhered to the methodology of safe
surgical hip dislocation and femoral head
reduction osteotomy [22, 23]. With a patient in
decubitus position on the healthy side, a skin
incision was made, followed by subcutaneous
tissue and fascia dissection. After exposing
the external hip rotators, a trochanteric slide
osteotomy was performed for improved joint
capsule visualization. The capsule was then
incised in a Z-shaped manner. After transecting
the ligamentum teres, the femoral head was
dislocated, and a periosteal-capsular-muscular
flap containing the main vascular supply
(medial femoral circumflex artery branches) was
mobilized. Segmental femoral head reduction
osteotomy was then performed (Figure 1).

After reducing the femoral head into the
acetabulum, radiography of the hip joint was

performed in AP and axial views using a C-arm,
along with the visual assessment of the range
of motion and the evaluation of the position of
the acetabular rim. The next stage involved tight
closure of the joint capsule, distalization of the
greater trochanter to relatively lengthen the
femoral neck and achieve satisfactory tension
of the gluteus medius muscle, followed by
osteosynthesis using two 4.5 mm screws with
washers for adequate compression. The wound
was sutured in layers, leaving a drain tube at the
anterior surface of the hip joint capsule.

Statistical analysis

Statistical analysis was conducted using
Excel 2010 and SPSS Statistics v.26. Descrip-
tive statistics included means (M), standard
deviations (SD), and median (Me) with the
25" and 75" percentiles (Q,-Q,). The Mann-
Whitney U test and Wilcoxon test were used
for comparisons. Spearmen’s rank correlation
coefficient (Rs) was wused to determine
relationship strength (0.01<r<0.29 - weak;
0.30<r<0.69 — moderate; 0.70<r<1.00 — strong).
The value of the coefficient described the
direction (positive or negative) of correlation.
To assess the degree and type of influence of
one variable on another, regression analysis
was performed using both linear and quadratic
regression models. The proportion of variance
explained was evaluated using the coefficient of
multiple determination (R?).

Figure 1. The stages of performing femoral head reduction osteotomy:
a — marking and osteotomy of the preoperatively planned central part of the head and neck; b — fragment
adaptation and osteosynthesis with two 3.5 mm screws after removal of the central part of the head and neck
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Table 1

Patients’ hip goniometry results before
surgical reconstruction, deg.

Range of Range of
motion of the motion of the
Motion affected joint, healthy joint,
M=SD, M=SD,
Me [QI_Q3] Me [Ql_Qg]
Flexion 104.3%5.3 117+4.6
105 [100-105] 120 [115-120]
. 5+3.1 38+3.4
Abduction 5[5-5] 40 [35-40]
Internal rotation 0.9+2.0 22,6%4.0
0[0-0] 25 [20-25]
External rotation 48.0%6.4 33.0¥4.8
50 [45-50] 35[30-35]

RESULTS

Upon admission for inpatient treatment, the
primary complaint of the patients was limited
range of motion in the hip, characterized by an
externally rotated position of the affected lower
limb with a pronounced limitation of abduction
and internal rotation. The results of the
conducted goniometry are presented in Table 1.

Statistical analysis of the data presented in
Table 1 revealed significant differences (p<0.05)
in the range of motion between the healthy and
affected joints.

The results of the hip joint radiometric
assessment are reflected in Table 2.

Table 2

Values of the indices characterizing the radiographic anatomical structure of the femoral
and pelvic components of the hip joint, as well as its stability, in children with a deformed
Perthes femoral head in comparison with reference values based on the literature

Affected side, Healthy side, Reference values in
Parameter M=SD, M=SD, children without hip joint
Me [Q,-Q,] Me [Q,-Q;] pathology [25, 26, 27]
Sharp angle, deg. 50.8%3.2 43.6%2.1 35-50
52 [48.3-53.0] 43 [42.3-45.0]
Tonnis angle, deg. 11.9£2.7 7.5£1.0 0-10
12.5[9.0-14.8] 7[7-8]
NSA, deg. 128+3 135.55.3 125-145
128.5[126.3-130.8] 136 [135.0-140.0]
ATD, mm 14+0.9 9.4%9 -
14 [13.5-14.8] 7.7 [6.2-8.7]
ISA 1.0+0.1 0.9+0.1 0.8-1.2
1[0.95-1.10] 1[0.9-1]
ISH 1.3%0.1 0.8%0.1 0.6-1.0
1.3[1.2-1.3] 0.8 [0.7-0.9]
ICAS 0.8+0.1 1.3+0. 1.1-14
0.8 [0.7-0.8] 1.3[1.2-1.4]
Wiberg angle, deg. 13.4%2 28.2+2.1 25-40
13 [12-15] 28 [26.3-30.0]
FHEI, % 39.9+7.8 14.6%2.7 No more than 25%
40.5 [32.3-45.0] 14 [13.0-15.6]
Shenton line Disruption no more than Undisrupted Undisrupted
5 mm - 13 patients (65%)
Undisrupted - 7 patients (35%)
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In some patients, a moderately pronounced
exceedance of the reference values of Sharp and
Tonnis angles was noted, which, in our opinion,
is due to prolonged localized pathological
pressure of the femoral head on the superolateral
section of the acetabulum (Figure 2).

mHealthy side mAffected side

60

40
30

20

10 —
=

Sharp angle Tonnis angle
Figure 2. Distribution of Sharp and Tonnis angles
values in patients before surgery.

Hereinafter — the medians (a horizontal line inside
the shaded area), average values (the“x” symbol
inside the shaded area), interquartile range

(the shaded area), maximum and minimum values
(horizontal lines at the end of the whiskers) are
marked

NSA values on the affected side, although
lower than those on the healthy side, did not
demonstrate statistically significant differences
(p>0.05). In contrast, ATD values on the affected
side were significantly lower (p<0.05) compared
to those of the contralateral proximal femur.
This confirms the severe course of the disease
in this patient category, leading to shortening
and thickening of the femoral neck with the
formation of a high greater trochanter position.
In our opinion, these processes are associated
with the suppression of the epiphyseal growth
plate function and the normal growth function
of the greater trochanter. The femoral head
sphericity index on the affected side was

significantly higher than the corresponding
values on the intact side (p<0.05), whereas
the acetabular sphericity index showed no
significant differences (p>0.05). At the same
time, the formation of severe femoral head
deformity leads to the impaired congruence
of the articular surfaces, as indicated by ICAS
values, which significantly differed (p<0.05)
from those of the healthy joint. A pronounced
decrease in Wiberg angle, combined with
an increase in femoral head extrusion from
the acetabulum, expressed as a percentage,
compared to the corresponding values in the
healthy joint (p<0.05), can be interpreted as a
developed hip subluxation.

In more than half of the patients, a disruption
of Shenton line was diagnosed on the affected
side. Most authors interpret this as an indication
of altered hip joint congruence, manifesting as
subluxation or dislocation, which is particularly
evident in cases of the hip dysplasia of grades
II-1V [28, 29, 30]. At the same time, it should
be noted that all patients had X-rays of the
hip joints in AP view with the affected limb
positioned in external rotation due to the
essentially absent range of internal rotation. In
this clinical scenario, the disruption of Shenton
line is inevitable and, in our opinion, cannot be
considered a reliable diagnostic criterion for
assessing articular congruence in this patient
category.

The conducted correlation analysis revealed
strong positive relationships between the values
of Tonnis and Sharp angles and the femoral head
extrusion index, with correlation coefficients of
p =0.87 and p = 0.82, respectively.

The performed regression analysis showed
that the coefficient of determination (R?)
for the relationship between the parameters
characterizing the anatomical structure of the
acetabulum and the femoral head extrusion
index exceeded 0.7. There were no significant
differences between the linear and quadratic
models, which brought the studied parameters
closer to linear regression. The approximation
is considered good, as more than 70% of the
sample can be explained by the regression
formula (Figure 3).
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Figure 3. Regression analysis results reflecting
the relationship between the indicators that
characterize the anatomical structure of the
acetabulum and the femoral head extrusion index:
a — between Tonnis angle and FHEI;

b — between Sharp angle and FHEI

Based on the results of the MRI, in addition
to confirming the deformation of the cartilage
model of the femoral head, we found that in
patients with Sharp and Tonnis angle values
within the range of normal physiological
variation, the acetabular rim was positioned
horizontally. In contrast, in patients with
Sharp and Tonnis angle values exceeding the
upper limit of normal physiological variation,

a reverse vertical position of the acetabular rim
was observed (Figure 4).

After the surgical reconstruction of the hip
joint, all patients underwent comprehensive
rehabilitation according to a protocol developed
in the clinic [31].

Figure 4. MR image of the acetabular rim position
(marked with an arrow) in patients:

a — values of Sharp and Tonnis angles are within
the average physiological variation (a horizontal
position);

b — values of Sharp and Tonnis angles exceed the
upper limit of the average physiological variation
(a reverse vertical position)

The outcomes of the surgical reconstruction
were evaluated within a follow-up period of 6 to
12 months.

Clinical examination revealed limb shorte-
ning on the operated side in all patients, with
an average length discrepancy of 1.5%0.3 cm.
Goniometric data presented in Table 3 indicate
an improvement in the function of the affected
hip joint, with a significant increase in abduction
and internal rotation range of motion compared
to preoperative values (p<0.05).

A comparative analysis of the radiological
examination results is presented in Table 4.
In some patients, Sharp and ToOnnis angle
values showed negative dynamics, with a more
pronounced exceedance of the upper limit of
reference values compared to the preoperative
measurements (Figure 5).
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Table 3

Patients’ hip goniometry results after surgical reconstruction, deg.

Range of motion of the affected joint,

Range of motion of the healthy joint,

Motion M=SD, M=SD,
Me [Ql_Qg,] Me [QfQ;]
Flexion 109.0+4.0 117.0+4.6
110 [105-115] 120 [115-120]
Abduction 26.0¥4.4 38.0+3.4
25[22.5-30.0] 40 [35-40]
Internal rotation 14.8%4.0 22.6%4.0
15[10-15] 25[20-25]
External rotation 38.0+4.0 33.0+4.8
40 [35-40] 35[30-35]

Table 4

Dynamics of changes in the indices characterizing the radiographic anatomical structure of
the femoral and pelvic components of the hip joint, as well as its stability, in children
after hip reconstruction surgery

Time
Parameter Immediately after surgery, 6-12 moths after surgery,
M#SD, M#SD,
Me [Ql_Qg] Me [Ql_Qz]
Sharp angle, deg. 50.8%3.2 52.0%£5.2
52 [48.3-53.0] 53 [46.0-56.5]
Tonnis angle, deg. 11.9+2.7 14.1+5
12.5[9.0-14.8] 14.5[9-18.6]
NSA, deg. 130.8+2.5 131.0+2.4
131 [129-132] 131 [130-132]
ATD, mm 14£0.9 15.6%2.4
14 [13.5-14.8] 15[14.0-174]
ISA 1.0+0.1 1.00£0.15
1[0.95-1.1] 1[0.95-1.10]
ISH 0.74%0.10 0.76+0.1
0.75[0.7-0.8] 0.76 [0.70-0.83]
ICAS 1.24%0.10 1.3+0.1
1.3[1.1-1.4] 1.3[1.1-1.4]
Wiberg angle, deg. 29.2#1.8 24.4%5.3
29.5 [28-31] 25.5[20.3-28.8]
FHEI, % 21.8+4.2 32+6
23[19.3-25.0] 31.5[26.5-36.5]
Shenton line Undisrupted Undisrupted - 5 patients (25%)
Disruption no more than 5 mm - 4 patients (20%)
Disruption more than 5 mm - 11 patients (55%)

27 2025;31(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

m Preoperatively m Intraoperatively
60,

B At the 6- to 12-month follow-up
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Figure 5. Distribution of Sharp and Tonnis angles
values in patients over time

Radical surgical reconstruction led to a slight
increase in NSA value compared to preoperative
ones (p>0.05), which was not the case for other
parameters. There was a significant increase in
ATD index (p<0.05) due to the distalization of
the greater trochanter. Despite the observed
progression of the lateral acetabular rim
deformity in some patients, the acetabular
sphericity index remained within normal limits
throughout the follow-up period. The values
of femoral head sphericity index changed
significantly after surgery in all patients, falling

_T"'*fi_'

within the range of physiological variation. This
contributed to the restoration of not only the
congruence of the femoral head and acetabular
articular surfaces but also the overall stability
of the hip joint, as evidenced by ICAS, FHEI,
Wiberg angle, and the continuity of Shenton
line immediately after surgical reconstruction.
However, at the 6- to 12-month follow-up, some
patients, primarily those with progressive lateral
acetabular rim deformity, exhibited a decrease
in the intraoperatively achieved Wiberg angle,
an increase in the percentage of femoral head
extrusion from the acetabulum, and varying
degrees of Shenton line disruption. In our
view, these findings indicate the development
of secondary hip subluxation, which may
necessitate surgical stabilization of the hip joint
through a triple pelvic osteotomy (Figure 6).

It should be noted that this radiographic
anatomical condition was observed in the vast
majority of cases in patients who initially had a
reverse vertical position of the acetabular rim.

According to CT scans at 6 to 12 months after
radical reconstructive surgery on the proximal
femur, no cases of postoperative avascular
necrosis of the femoral head were identified.
This indicates the safety of such surgical
interventions when performed with meticulous
adherence to proper technique.

Figure 6. Right hip X-rays (the red dashed line marks the condition of Shenton line):

a — before surgery, incongruent articular surfaces of the femoral head and acetabulum, a moderate deformity
of the lateral acetabular rim, and Shenton line disruption of a maximum of 5 mm are observed,;

b — immediately after femoral head reduction osteotomy, articular surfaces congruence and hip joint stability

are restored;

¢ — 8 months after surgery, the formation of hip subluxation (progressive lateral acetabular rim deformity,

Shenton line disruption more than 5 mm) is observed
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DISCUSSION

The outcome of Perthes disease directly depends
on the volume and localization of necrotic focus
in the femoral head [32]. In cases where the
disease outcome corresponds to classes IV and V
according to the S.D. Stulberg classification,
severe deformation of the femoral head develops,
accompanied by articular incongruity and joint
subluxation. According to global literature
data, without adequate surgical treatment, this
condition leads to femoroacetabular impinge-
ment and early hip osteoarthritis [33, 34, 35, 36,
37, 38, 39]. Currently, for children with disease
outcomes corresponding to class III in the S.D.
Stulberg classification, both the arthroscopic
correction of femoral head sphericity
abnormalities and the technique of safe surgical
hip dislocation are successfully used [40, 41, 42,
43,44, 45].

Approaches to the surgical correction of severe
deformities of the proximal femoral epiphysis and
articular incongruity in the hip joint (Stulberg
classes IV and V) remained highly debatable
until the first description of the technique and
feasibility of femoral head reduction osteotomy.
There is no doubt that this technique has
significantly expanded the capabilities of
orthopedic surgeons in providing medical care
to this severely affected patient group. Several
researchers, including the author of the paper,
have convincingly demonstrated its safety and
high potential for correcting severe femoral
head deformities while restoring the articular
congruence [23, 24, 46, 47, 48, 49]. At the same
time, the complexity of the surgical technique,
requiring a high level of knowledge in topogra-
phic anatomy of the vessels supplying the femoral
head, along with a prolonged learning curve,
somewhat limits its widespread application.
A search in available scientific databases
identified no more than 12 publications on this
topic, most of which are case-control studies with
small patient cohorts. The treatment outcomes
of all patients included in our study, assessed
by the intraoperative correction of femoral head
shape, restoration of articular congruence and
overall hip joint stability, as well as the absence of
postoperative aseptic necrosis, fully correspond
to the data reported in world literature. However,
the development of secondary hip subluxation
in some patients after surgical treatment, in

our opinion, requires further investigation of its
causes. Some authors describe supplementing
femoral head reduction osteotomy with triple
or periacetabular pelvic osteotomy, justified by
persistent or newly developed hip subluxation,
verified either during intraoperative radiographic
control or in the early postoperative period. The
main indication for periarticular intervention is
disruption of Shenton line [23, 50, 51].

To date, only two studies have been dedicated
to the simultaneous performance of femoral
head reduction osteotomy in combination with
periacetabular pelvic osteotomy in children with
severe femoral head deformity and articular
incongruity [52, 53]. Despite a relatively long
follow-up period (ranging from 23 to 56 months
postoperatively), both studies included a very
limited number of patients. The study by
J.C. Clohisy et al. involved 6 patients, while that
by K. Gharanizadeh et al. included 4 patients.
It is also noteworthy that, despite the preopera-
tive radiometric assessment of key hip joint
structural and stability parameters, the necessity
for periacetabular osteotomy was determined
intraoperatively based on fluoroscopic imaging of
the affected joint in various views.

Based on the findings of our study, as well as
on the analysis of global literature data,
we believe that the primary predictors of
secondary hip subluxation following femoral
head reduction osteotomy are the deformation
of the lateral acetabular rim (exceeding the
upper limit of the normal physiological range
of Tonnis and Sharp angles) and its reversed
vertical orientation.

Study limitations

This study is limited by a short follow-up period,
a relatively small number of patients, and the
current lack of mid-term outcomes following
subsequent stabilizing interventions on the hip
joint. Further research is planned to develop
an algorithm for selecting the optimal surgical
treatment approach for this patient category.

CONCLUSIONS

The femoral head reduction osteotomy, when
performed with proper surgical technique, is a safe
procedure in terms of the risk of postoperative
aseptic necrosis and serves as an effective
reconstructive method for treating children with
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severe saddle-shaped deformity of the femoral
head and articular incongruity. This approach
allows for the restoration of the radiographic
anatomical structure of the affected proximal
femur to parameters comparable to those of a
healthy side, as well as for the reestablishment
of the congruence and stability of the hip joint.
In patients with a reverse vertical orientation
of the acetabular rim and Tonnis and Sharp
angle values exceeding the upper limit of the
physiological norm, the femoral head reduction
osteotomy most often results in secondary
subluxation, necessitating subsequent surgical
stabilization through triple or periacetabular
pelvic osteotomy. Given this consideration, we
believe that for patients with such radiographic
anatomical features, it is advisable to evaluate the
feasibility of performing reconstructive surgery
on both the femoral and pelvic components of
the joint in a single surgical intervention after a
critical analysis of potential risks. In our opinion,
these surgical treatment methods for children
should be performed under strict indications
in specialized departments of federal-level
institutions, where specialists have undergone
extensive training and prolonged learning curve.
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Arthroplasty: Causes and Outcomes

Pavel V. Fedotov !, Dmitry V. Kovalev!, Nikolai S. Nikolaev 2, Anatoly S. Mikhailov'!

! Federal Center for Traumatology, Orthopedics and Arthroplasty, Cheboksary, Russia
2 Chuvash State University named after I.N. Ulyanov, Cheboksary, Russia

Abstract

Background. In recent decades, interest in proximal interphalangeal joint (PIP]) arthroplasty has significantly
increased around the world. At the same time, a growing number of operations entail an increase in the number
of reinterventions.

The aim of the study — to determine the causes and evaluate the outcomes of revision interventions for proximal
interphalangeal joint arthroplasty based on the data from a federal center for trauma and orthopedics.
Methods. We analyzed gender and age distribution of patients, the number of revisions, possible causes of
implant failure, its localization and type, survival rate of the construct, surgical approaches. The study covers
a 15-year period.

Results. Among 95 performed primary PIP] arthroplasties, 15 (15.8%) cases of failure were observed in 14
patients. There was 1 periprosthetic fracture; 2 cases of implant fracture; instability of implant components — 12
cases associated with injury, increased physical activity and other causative factors. The maximum failure rate
was detected in the II finger (31.6% of the number of initially implanted prostheses). After primary arthroplasty,
instability was most often observed in hinged implants (SBI D.G.T. PIP joint implant and the RM Finger Mathys).
The option for reintervention in 2 (16.7%) cases was PIP] arthrodesis, in 11 (83.3%) — revision arthroplasty.
Conclusions. Despite the significant (15.8%) rate of adverse outcomes after proximal interphalangeal joint
arthroplasty, most frequently caused by implant instability, the survival rate of the implants reaches up to 10
years in some cases and depends both on the type of prosthesis and the patient’s occupation. Overall, revision
proximal interphalangeal joint arthroplasty allows for joint mobility preservation and statistically significantly
reduces pain.

Keywords: proximal interphalangeal joint, implant failure, instability, revision arthroplasty, proximal
interphalangeal joint arthrodesis, periprosthetic fracture, implant fracture.
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Pedepar

AxkmyansHocmes. B nocienHue gecsiTuieTUss B MUpe 3HaUNTETbHO BO3POCIO KOMMUECTBO BBITIOTHEHHBIX Mep-
BUYHBIX OTIepalnii SHAOMPOTE3UPOBAHNMS TPOKCUMATBHOTO MeXX(aTaHrOBOT0 CYyCTaBa, YTO MOBJIEKIIO 3a CO60I1
yBeJMueHe Unciia peBM3MOHHBIX BMelIaTeabCTB.

Llenw uccnedosanus — onpenenuTb IPUIVHBI U OIEHUTD Pe3YIbTaThl PEBU3VOHHBIX BMENIATEIbCTB ITOC/IE SH-
IOTIPOTE3VMPOBAHMS ITPOKCYMAILHOTO MEX(asaHrOBOTO CyCTaBa KMCTY Ha MpuMepe ¢deaepaybHOTO TpaBMaTo-
JIOTO-OpTOIEeINYECKOro IeHTpa.

Mamepuan u memodsi. [IpoBe[ieH aHAIM3 IOJIOBO3PACTHOTO COCTABa IMALMEHTOB, KOJIMYECTBA PEBM3VIOHHBIX
orepanuii, BO3SMOKXHBIX IIPUYMH HECOCTOSTENbHOCTY IHAOIMPOTE3A, €r0 JOKAIM3AUM U TUIIA, CPOKA CITYSKOBI
KOHCTPYKIVU, XMPYPIrUUIECKUX ITOAX0H0B. [TyouHa mccnemoBanms — 15 yer.

Pezynsmamut. Cpenyi 95 BBINOJHEHHBIX OMepalMii MEePBUUYHOTO SHAOIPOTE3UPOBAHMSI ITPOKCHMMAIbHOIO
Mek(darTaHroBOTO cycTaBa BbIsABiIeHO 15 (15,8%) cryuaeB He61aroMmoONMyYHbIX MCXONOB Y 14 mareHTOB. 3ape-
TUCTPUPOBAHBI OJIMH IMEPUITPOTE3HBIN ITepesioM; 2 CJIydast IepejomMa MMIUIaHTaTa; 12 ciryyaeB HeCTabMIIbHO-
CTY KOMIIOHEHTOB, CBSI3AHHBIX C TPABMOIA, ITOBBINIEHHON (HVU3MUECKOI HATPY3KOM U APYTUMU MPUINHHBIMU
dakropamyu. MakcumMaabHasl 4acToTa Heymad BbisgBiaeHa Ha Il manbie (31,6% oT uncia MepBUYHO YCTAHOB-
JIEHHBIX SHIOMPOTE30B). IToC/ie MepBUYHOTO HAOIMIPOTE3MPOBAHNST HECTAOMILHOCTD Yallle BCETO BhISIBIISIACH
MOCJIe YCTAaHOBKY CBSI3aHHBIX SHAOMpOoTe30B (SBI D.G.T. PIP joint implant u RM Finger Mathys). BapuanTom
ITOBTOPHOTO BMEIIATENbCTBA B ABYX (16,7%) ciryuasx sIBUJICS apTPOAEe3 MPOKCMMATIbHOTO Mexk(aaaHTOBOTO
cycTtaBa, B 11 (83,3%) — peBU3MOHHOE SHAOMPOTE3UPOBAHME.

3axniouenue. He6aromoayaHbie MCXOObI COCTAB/ISIOT 3HAYUTEIbHYIO Moo (15,8%) repBUYHOrO SHAOMPOTE-
3MpPOBaHMS TPOKCUMAILHOTO MeXk(asTaHroBoro cycraBa. Hambonee 4acToi MpUUMHONM SIBJISIETCSI HECTAOWITb-
HOCTb SHAOMPOTE3a. B TO 5ke BpeMs CPOK CIYysKObI KOHCTPYKIMIA JOCTUTAET B psiie cirydaeB 10 JIeT M 3aBUCHT,
BEPOSITHO, M OT TUIIA SHAOIIPOTE3a, ¥ OT POAA 3aHITUI MalMeHTa. PeBU3MOHHOE SHIOINPOTe3MpOBaHMe MPOK-
CUMAaJIBHOTO Mesk(aTaHTOBOTO CyCTaBa MO3BOJISIET COXPAHUTD MOABMKHOCTD CYCTaBa, CTATUCTUYECKM 3HAUMMO
YMeHbIIIasi UHTEHCMBHOCTDb 60JIEBOTO CMHAPOMA.

KiioueBbie ¢JIoBa: MPOKCUMAaIbHbIN Mexk(alaHTOBbIl CyCcTaB, HECOCTOSITEIbHOCTb SHAOMPOTE3a, HECTAOWIIb-
HOCTb, PEBU3MOHHOE SHIOIPOTE3UPOBAHME, APTPOAE3 TPOKCUMATbHOTO MeXK($aTaHTOBOTO CyCTaBa, IePUIIPO-
Te3HbIi1 [TePEJIOM, IIEPEJIOM MMIUIaHTaTa.
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INTRODUCTION
Injuries and diseases of the proximal
interphalangeal joint (PIP]), particularly

osteoarthritis, affect approximately 15.5% of
the population. Currently, PIP] arthroplasty is
becoming the preferred and most promising
surgical option for restoring joint and overall
hand function [1, 2, 3].

The concept of PIP] arthroplasty first
emerged in 1940 when M. Burman described
the outcomes of Vitallium cup arthroplasty for
the metacarpophalangeal and interphalangeal
joints of the fingers [4]. Total PIP] arthroplasty
originated in the 1960s and was initially
performed in patients with end-stage
rheumatoid arthritis [5]. Early studies reported
severe complications, including infection,
periarticular fibrosis, and bone resorption. Over
time, the indications for arthroplasty expanded
to include severe post-traumatic damage,
idiopathic osteoarthritis, and rarer systemic
diseases such as juvenile idiopathic arthritis,
gouty arthritis, and others [6, 7, §, 9, 10].

Interest in this topic increased in the early
1970s, with the publication of studies focusing on
the technological aspects, challenges, and initial
outcomes of primary PIPJ arthroplasty. Since 2014,
the number of annual publications on this subject
has grown to 20-30 per year.

In recent decades, the global rise in primary
PIP] arthroplasty procedures has led to an
increase in revision operations. Following
implant removal, significant bone loss is
often observed, which considerably limits
the possibilities for re-operation. Revision
arthroplasty demands a high level of surgical
expertise and advanced implant systems.

The aim of this study was to determine the
causes and evaluate the outcomes of revision
interventions following proximal interphalangeal
joint arthroplasty based on the data from a federal
center for trauma and orthopedics.

METHODS

Study design: a retrospective continuous single-
center study.

The study is based on the data from the
medical information system regarding 95 PIP]
arthroplasty procedures performed at the
Federal Center for Traumatology, Orthopedics,
and Arthroplasty of the Ministry of Health of

Russia (Cheboksary). The study covers a 15-year
period (2009-2024).

We analyzed patient demographics (age and
gender distribution), the number of revision
operations, potential causes of implant failure,
its localization and type, implant survival rate,
and surgical approaches.

Revision PIP] arthroplasty was defined as the
replacement of at least one implant component
(proximal or distal). Patients who underwent
other interventions on the same joint after the
primary arthroplasty were excluded.

Periprosthetic fractures, mechanical implant
failure, and aseptic loosening were evaluated
radiologically and, when necessary, using
computed tomography.

A dorsal surgical approach was used along the
previous operative scar, with proximal or distal
extension if necessary. After implant removal, the
final assessment of bone defects was performed.
If cortical integrity was preserved, a larger
prosthesis with cemented or cementless fixation
was selected. In the early years of our experience,
we did not prioritize intraoperative extensor
mechanism reconstruction, relying instead on
immobilization for 2-3 weeks postoperatively.
However, with growing experience, we now
consistently restore the extensor tendon,
performing refixation of the central bundle to
the base of the middle phalanx and, if necessary,
reinforcing it by suturing the lateral bundles.
Early rehabilitation is initiated in such cases.
In cases of significant cortical bone defects
following implant removal, PIP] arthrodesis was
performed.

PIPJ implant failure occurring within 2 years
after primary arthroplasty was considered an
early failure (Group I), and after 2 years — a late
failure (Group II). Thus, all cases were divided
into early and late failure groups.

For patients who underwent multiple revision
operations, the total number of revisions was
recorded. Implant survival rate was measured as
the interval from primary to revision operation or,
in cases of multiple revisions, from the previous
to the current revision.

Follow-up evaluation of revision interventions
included both objective (range of motion
measured with a goniometer before and after
surgery; X-ray examination) and subjective (pain
severity according to the VAS criteria).
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Statistical analysis

Statistical analysis was performed using Microsoft
Excel 2007 and GraphPad software. Categorical
data (gender, implant localization and type,
causes of instability) were encoded as unordered
categorical variables. Continuous variables were
tested for normality using the Shapiro-Wilk test.
Normally distributed variables were described
using the mean value and standard deviation
(SD), while non-normally distributed variables
were expressed as the median and the lower
and upper quartiles Me (Q1-Q3). In both cases,
95% confidence intervals (CI) were applied.
Comparisons between groups were performed
using the Mann-Whitney U test and Fisher’s
exact test.

RESULTS

The gender composition of the sample included
44 (46.3%) men and 51 (53.7%) women. At the
time of the primary operation, the mean age of
the patients was 41.6 years (SD = 12.5; 37.4-42.6).

Among 95 performed primary PIPJ]
arthroplasties, 15 (15.8%) cases of adverse
outcomes were identified in 14 patients (one
woman underwent revision twice), including 6
(42.9%) men and 8 (57.1%) women, with an age
range of 18-62 years and a mean age of 43.5 years
(SD = 12.3; 41.2-54.8).

An assessment of the age composition of
patients undergoing primary and revision PIP]
arthroplasty at the time of surgery revealed a
significant predominance (60%) of patients aged
18 to 50 years (Figure 1).

m18-29y.0. m30-39yo0. w40-49yo0. m50-59y.0. m60 yearsand older

Figure 1. Age distribution of patients at the time
of surgery

Among 95 performed primary PIP]
arthroplasties, 15 (15.8%) cases of failure were
observed in 14 patients. Among the causes
of adverse outcomes, there was 1 (6.7%)
periprosthetic fracture and 2 (13.3%) implant
fractures. The most common reason for re-
operation was component instability — 12 cases
(80%), of which 3 were trauma-related, 4 were
associated with high physical loads, and in 5
cases, the cause of implant failure remained
undetermined. Thirteen (86.7%) operations were
performed; two patients are awaiting planned
hospital admission.

Among the identified cases of PIP] prosthesis
instability, 6 cases were classified as Group I
(including one patient awaiting planned hospital
admission), and 9 cases as Group II (including
one patient also awaiting revision surgery).

PIPJ arthroplasties for the fingers from the II
to the Vwere performed in the center. The highest
number of operations was carried out on the III
(42.1%) and the IV (35.8%) finger. However, the
highest failure rate (PIP] prosthesis instability)
was observed in the II finger (6 out of 19 — 31.6%
of the initially implanted prostheses) (Table 1).

Instability was most frequently observed with
hinged prostheses (SBI D.G.T. PIP joint implant
and RM Finger Mathys).

The distribution of failed implants by type
was as follows: SBI D.G.T. PIP joint implant
(n=11), RM Finger Mathys (n = 1), Moje ACAMO
PIP (n = 1), and Swanson silicone implant (n = 2).

In two cases (16.7%), arthrodesis of the PIP]
was performed as a revision procedure, while
in 11 cases (83.3%), revision arthroplasty was
carried out. One patient underwent two revision
arthroplasties: the first 3 years after the primary
procedure and the second 7 years after the
previous revision (Table 2).

Postoperatively, all patients reported reduced
pain (p<0.05). The range of motion in each
group either remained unchanged or decreased,
however, achieving the maximum possible range
of motion during follow-up was not feasible
(Table 3).

The mean survival rate of the removed
implants during revision procedures was 4.5
years (SD = 3.3; 1.2-4.8), ranging from less than
a year to 10 years.
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Table 1
Failure rate of PIP] prostheses
Finger
II III v \Y
oemeer 1 g g% gEE | sf | gEE ) 5f | 5EE ) 5t
EC & E= ES® E= EC® E= ES® E=
S5 Qo o 1 5 Qo e S5 Qo = S5 Qo j
Zow Z. Zw Q Z Zouw Z. 4t AN Y Z, i
o o o o o =] o o o ISs) o
Right hand, n 12 5 29 3 16 - - -
Left hand, n 7 1 11 3 18 3 2 -
Total 19 6 40 6 34 3 2 -
Failure rate, % 31.6 15.0 8.8 -
Table 2
Causes of PIP] prosthesis failures and outcomes of surgical treatment
2 Cause
Parameter gglg ti?; S S
S& Trauma High physical loads Undetermined etiology
&
Number 2 1 3 4 5
Removed Mathvs Sili- | DGT | DGT | DGT | DGT | DGT | DGT | DGT | DGT Moie DGT | DGT | DGT | Sili-
implant YS | cone | SBI SBI SBI | SBI | SBI | SBI | SBI SBI J SBI SBI SBI | cone
Implanted | .|\ . | _ | DGT | DGT |\ . |DGT| _ | DGT | DGT | _ | DGT | Sili- | _ | Sili-
prosthesis ) J SBI | SBI 1€ sBI SBI | SBI SBI | cone cone
Treatment | pr | pA | AD | RA | RA | RA | RA |AD RA | RA| - | RA | RA | - | RA
modality
Survival w0 | 8 |2 | 1|3 7|« 1 23| 2|37/ 10]7
rate, years
RA - revision arthroplasty; AD — arthrodesis.
Table 3
Evaluation of functional outcomes of revision PIPJ arthroplasty
Group I (n=5%) Group IT (n = 8%)
Parameter
Before During P Before During P
operation follow-up operation follow-up
Pain severity according to 6.4 (4.6-9.4) | 0.6 (0.3-1.7) 0.0014** 5.5 (3.7-7.3) 0.5 0.0002**
the VAS scale, points (0.0-1.0)***
Range of motion, deg. 9.0 11.0 0.6811 8.8 16.9 0.0747
(0.8-19.2) (0.8-19.2) (4.2-15.8) (7.0-23.0)
* — one patient in each group is awaiting planned hospital admission for revision operation; ** — statistically significant differences;

7~ Me (Q,-Q)).

38

2025;31(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

DISCUSSION

The proximal interphalangeal joint plays a crucial
role in full hand grip function, providing 85% of
the flexion arc of the fingers, while the remaining
15% is provided by the distal interphalangeal joint
[11,12,13]. The main advantage of arthroplasty is
the preservation of motion despite the high rates
of complications and revision operations [14, 15].

According to our study, the majority of patients
were of working age with high physical activity
levels, where both the aesthetic appearance of the
hand and its optimal functionality were crucial,
making joint mobility preservation particularly
important.

It is worth noting that the variability in
primary PIP] arthroplasty outcomes depended
on location. Our data indicate that PIP]
prosthesis failure is most frequently observed
in the II finger. Literature suggests that the
feasibility of PIP] arthroplasty in the II finger
remains controversial due to the significant
lateral and axial rotational stresses during grip.
Some authors report a fourfold increased risk
of complications and advocate for arthrodesis
as the method of choice for this joint pathology
[16, 17]. However, T. Richards et al. dispute the
preference for the PIP] arthrodesis of the Il finger
as a default operation and support arthroplasty,
particularly with silicone implants [18].

M.T. Milone et al. compared the II finger with
three other fingers and concluded that the rate
of deformities and complications associated with
instability in case of the PIP] arthroplasty of the
IIT finger may be similar to that of the second one.
E.R. Wagner et al. and M.T. Milone et al. suggest
that the complication rate presents a relative
contraindication for the PIP] arthroplasty of both
the II and the III finger [19, 20]. Our data show
an increasing prevalence of the PIP] prosthesis
instability from the V to the II finger — 0.0%,
8.8%, 15.0%, and 31.6% for the V, IV, III, and II
fingers, respectively.

Revision PIP] arthroplasty presents a
significant challenge. Minimal cortical bone
remains after implant removal, and trabecular
bone is largely absent in the medullary canals
[21]. In our practice, we perform a dorsal
surgical approach with subsequent refixation
of the central bundle of the extensor tendon
for both primary and revision procedures.
However, literature actively discusses alternative
approaches, such as palmar and lateral surgical

approaches, along with their advantages and
disadvantages [22, 23]. Selection of implant and
surgical strategy remains a key issue in primary
PIP] arthroplasty [12, 24], as well as in case of
revision interventions.

The aims of both primary and revision PIP]
arthroplasty include the reduction of pain,
increased range of motion, restoration of the
fingers’ biological axis, and improvement of
hand function [25, 26, 27]. The present study
demonstrated  that revision arthroplasty
statistically significantly reduces pain and pre-
serves PIP] mobility, confirming the findings of
our previous study [28].

It should be noted that the change in the
range of motion after revision surgery compared
to preoperative levels is minimal, and arthrodesis
remains the method of choice when bone
integrity is compromised due to implant removal
or periprosthetic fractures.

Several surgical methods exist for both
arthrodesis and PIP]J fixation. Compression screw
osteosynthesis has shown great results in terms
of nonunion rates compared to Kirschner wire
fixation. Over the past 10 years, there has been
a growing number of publications on compres-
sion techniques, suggesting a shift toward
compression-based approaches. The limited
data available on PIP] arthrodesis lack clear
indications for alternative techniques. Kirschner
wire osteosynthesis remains relevant in cases
of acute trauma with soft tissue defects or exten-
sive bone loss following failed PIP] arthroplasty
[29, 30, 31, 32, 33]. Only large multicenter
randomized controlled trials can determine the
optimal PIPJ arthrodesis technique.

Study limitations

Limitations of this study are the small sample
size and the insufficient amount of literature
available for performing a meta-analysis of the
issue.

CONCLUSIONS

The analysis of PIP] arthroplasty outcomes in
the federal center for trauma and orthopedics
demonstrated the demand for this treatment,
primarily among younger patients, likely due to
their high functional requirements.

Despite the significant (15.8%) rate of
adverse outcomes after primary operation, most
frequently caused by implant instability, the
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survival rate of the implants reached up to 10
years in some cases and depended both on the
type of prosthesis (hinged implants were more
prone to instability) and the patient’s occupation
(more than one-third of patients requiring
revision intervention were engaged in heavy
physical labor).

A notable trend was the increasing failure rate
from the V to the II finger, reaching 31.6% for the
latter, likely due to higher everyday functional
loads. The primary surgical treatment for PIP]
prosthesis failure remains revision arthroplasty
(83.3%), though arthrodesis is also justified
in certain cases. Overall, re-operation for the
failure of the proximal interphalangeal joint
implant allows for joint mobility preservation and
statistically significantly reduces pain.

The limited number of scientific papers on this
issue highlights the need for further investigation
through multicenter studies.
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Abstract

Background. Chronic infectious spondylitis of the cervicothoracic spine represents an etiologically
heterogeneous group of diseases characterized by vertebral destruction within the C6-T3 region. There is no
common strategy for the surgical treatment of this cohort of patients.

The aim of the study was to analyze the technical features and long-term outcomes of surgical treatment for
chronic infectious cervicothoracic spondylitis.

Methods. The cohort included 18 patients treated between 2018 and 2022. Considering the etiology, long-term
outcomes were analyzed in 11 patients with chronic nonspecific spondylitis and 7 patients with tuberculous
spondylitis. Clinical, radiological, and surgical parameters were assessed. Long-term results were evaluated
at 6 and 12 months postoperatively.

Results. Chronic infectious spondylitis in the cohort was classified according to E. Pola (2017) as types B.3
(n=10),C.2 (n=4),C.3 (n=1),and C.4 (n = 3). The mean age at the time of surgery was 48 years and 3 months
(range 20-71). The groups were comparable in gender, age, and degree of local sagittal balance impairment.
The etiology of chronic spondylitis influenced the extent of the destructive process (p = 0.009) and the
severity of vertebrogenic pain syndrome (p = 0.028). Quality-of-life analysis revealed a greater degree of social
maladaptation in tuberculous spondylitis group according to the NDI (p = 0.018) and SF-12 (p = 0.002) scales.
Indications for various techniques of cervicothoracic reconstruction, including isolated ventral, isolated dorsal,
and combined approaches, were determined.

Conclusions. Chronic infectious spondylitis of the cervicothoracic spine is a rare and poorly studied pathology.
The etiology of spondylitis affects the clinical course of the disease and the incidence of postoperative
complications in the long term. Analysis of available data and evaluation of the authors’ experience allowed
for the development of several tactical tools for planning surgical reconstruction, including an algorithm for
selecting the surgical approach and determining the need for manubriotomy. Long-term surgical outcomes
using the proposed tactical algorithm confirm its effectiveness and potential for further application.

Keywords: chronic infectious spondylitis, cervicothoracic spine, spinal surgery complications, revision spinal
surgery.
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Pedepar

Beedenue. Xpounueckie MHGEKIMOHHbIE CTIOHAVINTBI IefHO-IPYJHOTO OTAe/ia T03BOHOYHIMKA TPeICTaBIs-
10T CO60#1 ITMOIOTMUECKY PasHOPOIHYIO TPYIITY 3a00/IeBaHMIl C AeCTPYKIIMe Mo3BOHKOB B 30He C6-Th3. Exqu-
Hasl CTpaTerusi XMpypruueckoro jeueHus JaHHO KOTOPThI NallMeHTOB OTCYTCTBYeT.

Ilens uccnedosanust — V3yunTh TEXHUUECKME OCOGEHHOCTHU U OT/IaJIEHHbIE PE3Y/IbTAThl XUPYPrUUECKOTO Jieye-
HUSI XPOHUUECKUX MH(PEKIVOHHBIX CIIOHAMIUTOB 1IeiHO-TPYIHOTO OTAe/a TO3BOHOUHMKA.

Mamepuan u memodet. Koropty cocraBuiu 18 marnenToB (JieueHue c 2018 mo 2022 r.). C yueToM 3THONOTUA
M3yUeHbl OTIA/IeHHbIe Pe3y/lbTaThl onepaliuii y 11 manueHTOB ¢ XpOHMYECKUM Hecrneluduueckum u 7 — C
Ty6epPKYIe3HbIM CIOHAMINTOM. OlleHeHbI KIVMHUKO-TYYEBbIE U OINEepalOHHbIe TTapaMeTpbl. OTHaleHHbIe
pes3y/bTaThl M3yUYeHbl CITyCTsI 6 1 12 mec.

Pe3synemamet. XpoHnueckue MHGEKIIMOHHbIE CIIOHIMIUTBI B KOTOPTe KiaaccubUUMPOBaHbl Kak TUIbI B.3
(n=10),C.2(n=4),C.3(n=1)u C.4 (n=73) o E. Pola (2017). Cpenuuit BO3pacT Ha MOMEHT OIlepaluy COCTaBUII
48 net 3 mec. (20—-71). ['pymnbl conmocTaBUMBI IO TI0Y, BO3PACTy U CTelleH) HapylleHUs mapaMeTpOB JIOKaJIb-
HOTO CAaTrUTTAJTbHOrO 6GajiaHca. BbISIBIEHO BAMSIHME 3TUOJIOTUM XPOHMYECKOTO CIIOHAWIATA Ha PacrpocTpa-
HEHHOCTb JAECTPYKTMBHOTO mpoiecca (p = 0,009), Ha MHTEHCUBHOCTb BEPTEGPOTEHHOTO GOJIEBOTO CUHAPOMA
(p = 0,028). AHanu3 KauecTBa JKM3HU CBUAETEIbCTBYET O OOJbINE CTEIIeHN COLMAaIbHOM me3amanTaiuu mpu
Ty6epKyIe3HOM crioHamauTe mo mkane NDI (p = 0,018) u SF-12 (p = 0,002). OnipenesieHbl HOKa3aHMs K pas3ind-
HBIM BapMaHTaM PeKOHCTPYKLMIA 1IefiHO-TPYIHOTO OTAe/a, B T.U. MU30JIMPOBAHHOI BEHTPaIbHOM, M30MPOBAH-
HOJ JOPCATIbHOI ¥ KOMOVMHUPOBAHHOIA.

3axnouenue. XpoHuueckre MHPEKIVOHHbIE CIIOHIUIUTDI MIEHO-TPYAHOTO OTAENA TPECTaBISIOT CO60ii
penKyio 1 MaJou3yueHHYI0 MaToA0THUI0. DTUOIOTUS CIOHAMUIUTA OKa3blBaeT BAMSHME Ha KIMHUUYECKOe Te-
yeHMe 3a60eBaHUS Y YACTOTY OCJIOKHEHUIT B OTHAJIEHHOM IOCIE0TEPAIMOHHOM Tepuose. AHaIIU3 Cylile-
CTByIOLIEN MHGOPMAIMK IO PACCMATPUBAEMOMY BOIIPOCY U OIl€HKA COGCTBEHHOTO HAKOIUIEHHOTO OTIBITA
TIO3BOJIWIY MIPEJIOKUTD PSiJ TAKTUUECKUX MHCTPYMEHTOB IJIAHMPOBAHUS XUPYPTUUECKOI PEKOHCTPYKLIUN:
aJITOPUTM BBIOOpA BapMaHTa ONepPalvy U TPAEKTOPUIO XUPYPTUUECKON AOCTYITHOCTHU IJisl OTIpeiesieHUs] He-
ob6xonumocT MaHy6puoTomun. OTHameHHbIe Pe3y/IbTaThl BMENIATEIbCTB C TPMMEHEHMEM TAKTUUECKOTO aJl-
rOpMUTMa MO3BOJISIIOT KOHCTaTUPOBATh ero 3P (HeKTUBHOCTD U NIepCIIeKTUBY AalbHeIIero ucrnoib30BaHMs.

KiarouesBblie c1oBa: XpOHI/I‘-IECKI/Iﬁ I/IHCI)eKLIMOHHbIIZ CIIOHOWJINT, H.IeﬁHO-I‘py,HHOf;I OTAeJI IIO3BOHOYHMKA, OCIIOX-
HeHUA onepaunﬁ Ha ITI03BOHOYHMKEe, peBM3MOHHbIE OIlepali Ha II0O3BOHOYHMKE.
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INTRODUCTION

Cervicothoracic spine is a specific anatomical
zone characterized by the combination of
mobile cervical and rigid thoracic segments
[1, 2]. From the perspective of surgical
accessibility, C6-T3 motion segments are
ventrally limited by the manubrium and the
body of the sternum, as well as by the trachea
and the organs of the posterior mediastinum
[3, 4]. Reconstruction of this region via the
isolated posterior approach is associated with
a high risk of neurological complications,
necessitating a combined approach to achieve
three-column stability [5, 6].

In the overall structure of chronic infectious
spondylitis, lesions of the cervicothoracic spine
account for 3-5% and are associated with segmental
instability and secondary orthopedic deformities
due to their significant impact on the T1 slope
(T1S) and cervical sagittal vertical axis (cSVA)
[7, 8]. Indications for surgical treatment in this
patient group include progressive neurological
deficit, ineffective isolated antibacterial therapy,
chronic vertebrogenic pain syndrome, and reduced
quality of life due to sagittal balance disturbances
[9, 10]. At the initial stage of treatment, trephine
biopsy under fluoroscopic navigation is
recommended, followed by molecular-genetic,
bacteriological, and histological studies of
the material. This is due to the low efficacy of
empirical antibacterial therapy and the etiological
heterogeneity of destructive lesions (nonspecific,
granulomatous, including tuberculous, fungal,
and parasitic lesions) [11, 12, 13, 14].

A special subset of patients comprises
those with chronic infectious cervicothoracic
spondylitis requiring revision operations
[15, 16, 17]. Causes prompting revision in
this cohort include infectious complications
(superficial surgical site infections, deep
implant-associated infections) and orthopedic
complications (progressive deformity, segmental
instability, pseudoarthrosis).

Current approaches to the surgical treatment
of spondylitis are predominantly validated
for acute processes with disease duration
not exceeding two months. In cases of acute
spondylitis and spondylodiscitis at the C6-T3
level, dorsal decompressive-stabilizing interven-
tions are preferred. Though, when treating
chronic forms of spondylitis, such interventions
pose significant technical challenges [18, 19].

A preliminary review of the literature revealed
limited information on this problem and formed
the basis for the following research questions:

1) is it possible to algorithmize the surgical
treatment of chronic infectious cervicothoracic
spondylitis based on the extent of the lesion and
previous surgical interventions?

2) what clinical and radiological factors
influence the course and long-term outcomes
of surgical treatment for chronic infectious
cervicothoracic spondylitis?

The accumulated experience of the Spine
Surgery Center at the Saint Petersburg State
Research Institute of Phthisiopulmonology
allowed us to present our clinical data and
analyze long-term outcomes.

The aim of the study was to analyze the
technical features and long-term outcomes
of surgical treatment for chronic infectious
cervicothoracic spondylitis.

METHODS

Study design: continuous single-center cohort
study (class IIB).

The initial cohort included 31 patients
treated at the Spine Surgery Center of the
Saint Petersburg State Research Institute of
Phthisiopulmonology between 2018 and 2022
for cervicothoracic spine destruction. After
applying inclusion and exclusion criteria, the
final cohort consisted of 18 consecutively
operated patients with chronic infectious
cervicothoracic spondylitis.

Inclusion criteria:

1) etiologically confirmed spondylitis with
a therapeutic pause of >2 months and
no effect from isolated antibacterial, inclu-
ding antitubercular chemotherapy, conducted
according to the established regimens [20];

2) vertebral destruction within the C6-T3
zone,

3) reconstruction of the spine in 180° or 360°
volume;

4) availability of
archives;

5) follow-up of at least 12 months.

Exclusion criteria: types A.1-B.2 spondylitis
according to the E. Pola et al. classification
(6 cases) [21], inability to analyze long-term
outcomes due to the loss of the contact with
patient (4 cases), inability to perform standing
radiography due to neurological deficits of types
A-B by Frankel (3 cases).

complete radiographic
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Based on etiological verification, two patient
groups were identified: 11 patients with
nonspecific spondylitis (Group 1) and 7 patients
with tuberculous chronic spondylitis (Group 2).

The preoperative examination protocol
included lateral X-rays of the spine in a standing
position, CT, and MRI of the spine covering C2-
T6 segments, and the use of the Neck Disability
Index (NDI), Short Form Health Survey (SF-12),
Visual Analog Scale (VAS), and Frankel scale
(functional classes A-E) questionnaires. The
classification of spondylitis types was performed
according to E. Pola et al.

Evaluated sagittal
included:

1) local kyphosis angle (LK);

2) C2-C7 sagittal vertical axis (C2-C7 SVA);

3) T1 slope angle (T1S);

4) neck tilt angle (NTA) [22].

Following  reconstructive  interventions,
local kyphosis and C2-C7 SVA parameters were
analyzed. Assessment of T1S and NTA postop
was not feasible due to resection of the T1
vertebral body during anterior cervicothoracic
reconstruction. Radiographic balance parameters
were calculated using Surgimap v. 2.3.2.1, with
the prior anonymization of patient data.

Intraoperative data included blood loss
volume (gravimetric method, combining losses
in sponges and suction devices) and surgery
duration. Long-term outcomes were assessed at
6 and 12 months, focusing on bone block
formation on CT (5-point scale), sagittal
balance parameters (standing lateral X-rays),
vertebrogenic pain severity (VAS), quality of life
(NDI, SF-12), and complication rates [23].

The clinical characteristics of the patients are
presented in Table 1.

balance parameters

Surgical technique

Preoperative  preparation and anesthetic
management were performed in all cases accor-
ding to established recommendations, without
clinically significant tactical deviations [24]. The
planning of the ventral stage of reconstruction
was based on sagittal CT scans. The necessity
for manubriotomy was determined by drawing
a horizontal line along the upper edge of the
manubrium to the vertebral bodies, thereby
defining the surgical trajectory for the access to
the cervicothoracic spine. The planning scheme
is shown in Figure 1.

To access the anterior column of the spine at
the C6-T3 level, a right-sided oblique approach
along the medial edge of the sternocleidomastoid
muscle was used. The inferior boundary of the
incision was limited by the sternoclavicular joint
(in cases where the surgical trajectory was not
obstructed by the manubrium) or extended to the
lower edge of the manubrium if manubriotomy
was required.

Mobilization of the anterior surface of the
vertebral bodies was performed using standard
techniques. In cases requiring manubriotomy,
the bone was transected along the midline,
and a rake retractor was installed to expose the
brachiocephalic trunk, right common carotid
artery, right brachiocephalic vein, and medial
wall of the trachea and esophagus. A “working
window” was created between the vascular
structures and hollow organs.

The first stage involved inserting pins of the
Caspar distractor into the centers of adjacent
intact vertebral bodies. Resection of the affected
vertebrae was carried out under tension from
the Caspar distractor. Abscess debridement and
anterior decompression of the dura mater were
performed using a high-speed drill, osteotomes,
bone curettes, and Kerrison rongeurs.
Pathologically altered vertebral bodies were
resected within the boundaries of the adjacent
intact endplates.

Final reclination and correction of kyphotic
deformity of the cervicothoracic junction were
performed by gradually expanding the arms of
the Caspar distractor under fluoroscopic control.
Anterior spinal fusion was carried out using a
titanium block cage filled with autogenous bone
material (fragments of the anterior superior iliac
crest). Sternal osteosynthesis was completed by
placing cerclage sutures.

When affecting the posterior support
complex or during revision operations (previous
decompressive laminectomy), 360° reconstruc-
tion was performed (6 cases). The first stage
involved posterior instrumentation fixation,
followed by repositioning the patientin the supine
position for anterior column reconstruction using
the aforementioned technique. Correction of
local kyphotic deformity during the dorsal stage
was achieved by mobili-zing the posterior support
complex (Schwab grade 1 osteotomy) followed by
a compression-reclination maneuver. Posterior
instrumentation fixation was secured with rods
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Figure 1. Reconstruction planning scheme: sagittal CT scan showing surgical trajectory (1), cervical sagittal
vertical axis C2-C7 (cSVA, 2), local kyphosis (LK, 3), T1 slope (T1S, 4), and neutral thoracic angle (NTA, 5):

a — reconstruction without manubriotomy;
b — manubriotomy required

of 3.5 mm and 5.5 mm diameter connected via
domino connectors.

All surgical interventions were performed
by a single surgical team using a standardized
surgical kit and power equipment. In all cases,
intraoperative neuromonitoring was utilized.

Statistical analysis

Statistical analysis was conducted using the
SPSS software, version 22.0 (SPSS Inc., Chicago,
IL, USA). The normality of the distribution of
quantitative parameters was assessed using the
Kolmogorov-Smirnov and Shapiro-Wilk tests.
For all parameters, a two-tailed significance level
of p<0.05 was considered. The significance of
intergroup differences in quantitative variables
was assessed using the Mann-Whitney U test.
Differences in quantitative parameters before
and after surgery were evaluated using the
Wilcoxon signed-rank test. The influence of
sagittal balance parameters on NDI, SF-12, and
VAS scores was assessed using the Spearman’s
correlation coefficient. Results were presented
as M*#SD and Me (min-max). Differences were
considered statistically significant at a two-tailed
significance level of p<0.05.

RESULTS

According to E. Pola’s classification, the lesions
of types B.3 (n = 10), C.2 (n = 4), C.3 (n = 1),
and C4 (n = 3) were identified. The average
age of patients at the time of surgery was
48 years and 3 months * 15 years and 7 months
(range: 20-71). Of the patients, 10 (55.5%) were
male and 8 (45.5%) were female. No significant
differences were found between genders

(p = 0.387) or ages (p = 0.536)
the etiology of chronic spondylitis.

The duration of therapeutic pause in patients
with chronic nonspecific spondylitis was higher
(p = 0.035), averaging 5 months (range: 3-24).
There were no significant differences in the
structure of comorbidities (p = 0.211), with a
Charlson comorbidity index of 2.5 points (range:
0-8) for the cohort.

Etiological groups were comparable in
preoperative parameters of local sagittal balance,
including LK (p = 0.659), CSVA (p = 0.536), T1S
(p = 0.930), and NTA (p = 0.479). Postoperatively,
statistically significant correction of segmental
kyphosis (p = 0.001) and C2-C7 sagittal vertical
axis (p = 0.038) was achieved in both groups,
with no significant loss of correction at 6 and
12 months. The summary parameters of local
sagittal balance are presented in Table 2.

The etiology of the process influenced the
extent of destruction. Patients with chronic
nonspecific spondylitis showed more frequent
polysegmental destruction involving two or more
motion segments (p = 0.009). The intensity of
vertebrogenic pain syndrome was higher in these
patients: 5.7+1.2 (range: 4.9-6.5) compared
to 4.4%*1.0 (range: 3.5-5.3) in patients with
tuberculous spondylitis (p = 0.028).

Quality-of-life analysis revealed a trend
toward greater social maladaptation in patients
with tuberculous spondylitis. Preoperative
NDI scores were 43.0£3.8 (range: 34-45)
versus 37.0+3.4 (range: 33-42) in patients with
nonspecific spondylitis (p = 0.018). Similar results
were observed in SF-12 physical and mental
component scores, which were 19.0+1.7 (range:

regarding
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Table 2
Summary parameters of local sagittal balance
Etiology Before surgery After surgery p

Chronic nonspecific spondylitis

LK 23 (9-47) 2.4 (-5-4.5) 0.001

CSVA 4.2 (3.1-6.4) 3.7 (1.2-4.6) 0.048

T1S 20.3 (2.6-49.5) - -

NTA 58.6 (39.7-76.6) - -
Tuberculous spondylitis

LK 31 (5-45) 2.1 (-9.0-3.5) 0.001

CSVA 5.1(3.9-6.3) 3.4 (1.2-4.3) 0.032

T1S 25 (4.9-46.3) - -

NTA 48.3 (35.4-65.7) - -
The mean

LK 27 (9-47) 2.2 (-9.0-4.5) 0.001

CSVA 4.8 (3.1-6.4) 3.5 (1.2-4.6) 0.038

T1S 22.6 (2.6-49.5) - -

NTA 52.7 (35.4-76.6) - -

LK - local kyphosis; CSVA - cervical sagittal vertical axis; T1S — T1 slope; NTA — neck tilt angle; an intergroup two-
tailed significance level p was calculated using the Mann-Whitney U test; a two-tailed significance level p for pre- and
postoperative parameters was calculated using the Wilcoxon signed-rank test.

18-23) and 20.0*+1.6 (range: 18-22) respectively
for tuberculous spondylitis (p = 0.002).

Postoperatively, the quality of life improved in
Group 1 (nonspecific spondylitis): NDI 16.2*0.7
(range: 13-21), SF-12 physical component
45.6*2.4 (range: 34.8-63.0), and SF-12 mental
component  47.7¥2.7  (range: 29.2-63.0).
In Group 2 (tuberculous spondylitis): NDI 17.0+1.1
(range: 12-19), SF-12 physical component 42.2+1.9
(range: 31.2-47.1), and SF-12 mental component
44.7#1.3 (range: 39.2-49.6). No significant
intergroup differences were observed postopera-
tively in NDI (p = 0.927), SF-12 mental (p = 0.415),
or SF-12 physical (p = 0.239) scores.

The duration of surgery (p = 0.956) and blood
loss (p = 0.819) were comparable between the
groups. Data are presented in Table 3.

The dynamics of bone block formation in
the anterior spinal fusion zone demonstrated

a stable positive trend at the control follow-ups.
At 6 months postoperatively, a bone block rated
4 points on a 5-point scale was observed in
66.7% of cases, increasing to 94.4% at 12 months.
One patient (case no. 5) underwent posterior
fixation combined with spinal fusion due to
pseudarthrosis of the anterior column without
signs of infection recurrence.

Postoperative complications were more
frequent in patients with nonspecific spondylitis
(n = 3; 27.2%) compared to tuberculous

spondylitis (n = 1; 9.1%) (p = 0.518). Manage-
ment of complications depended on their
timing and severity. Early deep SSI (case no. 13)
required revision and wound debridement using
an ultrasonic cavitation while preserving the
supporting construct elements. For delayed deep
SSI (case no.4), revision and ultrasonic cavitation
of the wound were followed by construct

Table 3
Summary operation parameters
Etiology
Parameter Chronic nonspecific N p The mean for both groups
or Tuberculous spondylitis
spondylitis

Operation 2h 40 min = 1 h 28 min 2h35min*1h 19 min 0.956 2h 38 min* 1 h 23 min
duration (1 h 40 min - 3 h 41 min) (1 h 25 min - 3 h 52 min) (1 h 58 min - 3 h 21 min)
Blood loss 152#35 ml (73-232) 167+54 ml (50-300) 0.819 158+29 ml (96-220)
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replacement and NPWT application above
the aponeurotic layer for 12 days with dressing
changes every 4 days until negative culture results
were achieved (initial flora: MRSE). A stage 2
sacral pressure ulcer (case no. 10) was treated with
NPWT for 15 days, with dressing changes every 3
days (initial flora: E. coli). In all cases of infectious
complications, pathogen-directed antibiotic
therapy was administered for at least 6 weeks.

DISCUSSION

Currently, there is no common approach to
the surgical treatment of chronic infectious
spondylitis in the cervicothoracic region. On
the one hand, factors such as the extent of
destruction, the degree of involvement of
paravertebral tissues, the severity of local sagittal
balance impairment, and the angle of segmental
kyphosis are critical criteria for selecting a
surgical method [7, 8, 9, 10, 11, 25]. On the other
hand, the diversity of stabilization systems and
the possibility of correcting pathological changes
via various surgical approaches necessitate a
critical analysis of long-term outcomes of such
interventions.

An essential aspect of understanding the
infectious-destructive process in this region
is the etiology of spondylitis. Its verification
is achieved through diagnostic biopsy under
fluoroscopy. This step is emphasized as critical
by all authors [11].

A common trend noted in the reviewed
literature was the necessity of manubriotomy
for reconstructing the cervicothoracic junction.
However, none of the publications provide clear
prognostic criteria for determining the need
for this procedure [3, 6, 26, 27, 28, 29]. In our
opinion, the trajectory of surgical accessibility,
defined as a horizontal line drawn along the
upper edge of the manubrium to the vertebral
bodies, can serve as a universal tool for the
preoperative planning of C6-T3 reconstruction
in cases of chronic infectious spondylitis. This
approach has consistently allowed for accurate
prediction of the necessity for manubriotomy.
A comparable tool is the cervicothoracic angle
developed by H. Teng et al. However, its use is
limited in case of infection due to the typical
spread of paravertebral soft tissue components
(abscesses and granulomas) requiring caudal
mobilization of the anterior column, even for
lesions in zones A and B [18].

Our analysis of both our own clinical
data and the literature has enabled the
systematization of criteria for selecting surgical
reconstruction methods. For monosegmental
lesions, isolated ventral reconstruction is
advisable. In the presence of rigid kyphosis,
a 360° combined approach is warranted.
For multisegmental destructions, favorable
long-term outcomes have been achieved
with 360° combined reconstructions, where
the ventral stage is performed first [17, 30].
Revision reconstructions of the cervicothoracic
junction represent a distinct cohort, in which
the use of an isolated anterior approach does
not ensure stable results and is associated
with pseudoarthrosis formation and loss of
correction [15]. The specific feature of combined
revision reconstructions is that the dorsal
stabilization is performed at the first stage,
followed by the ventral stage [16]. Systematizing
our clinical experience and literature data
(Table 4), we developed a tactical scheme for
selecting the type of surgical intervention for
primary and revision procedures, presented in
Figure 2.

Among the factors influencing the clinical
course of chronic spondylitis, the etiology of the
process should be highlighted. Its nonspecific
nature contributes to the development of
multilevel destructions, while a granulomatous
nature leads to a decline in both mental and
physical components of the quality of life.
A significant reduction in the quality of life
across all evaluation scales among patients
with chronic tuberculous spondylitis can be
associated with more pronounced impairments
of local sagittal balance parameters, as
confirmed by our findings and those of other
researchers [17, 19, 23, 26]. Of the 124 patients
described in the literature, 122 cases (98%)
involved tuberculous spondylitis, making our
accumulated data a priority for patients with
chronic nonspecific spondylitis.

The complication rate in our cohort was
22.2%, with the majority being early and delayed
complications of class IIIB according to the
Clavien-Dindo classification. Most published
studies report dysphagia in operated patients
due to recurrent laryngeal nerve injury, as well
as durotomy with subsequent cerebrospinal fluid
leakage, necessitating lumbar drainage until the
dural defect is closed [12, 19, 29].
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Table 4
Characteristics of the studies included in the literature review

Author/year

Patients

Clinical picture, treatment tactics, long-term outcomes

Acosta F.L.
2006 [2]

Lan X.,
2017 [4]

ChenY.,
2017 [5]

Wu W.J.,
2020 [6]

Rathod T.N.,
2022 [8]

LiZ.,
2020 [19]

Zhang H.Q.,
2015 [25]

Issa M.,
2023 [26]

Chen Y.H.,
2013 [30]

1/NCS

3/TBS

10/TBS

74/TBS

11/TBS

7/TBS

15/TBS

2/TBS,
NCS

1/TBS

50 years old, Frankel D, 55° angular kyphosis.

360° reconstruction, manubriotomy, corpectomy, C4-T2 anterior spinal fusion, posterior instrumental
fixation. Follow-up — 35 months, relief of vertebrogenic pain syndrome, preservation of achieved kyphoses
correction

M = 33 years old, angular kyphoses, vertebrogenic pain syndrome.

Stage 1 — Halo-traction for 1 week;

Stage 2 — posterior instrumental fixation, abscess debridement of the anterior column, laminectomy.
Follow-up — 26 months, stable supporting elements, no signs of recurrence

M = 33 years old, angular kyphoses, neurological deficit (Frankel C — 3; D — 5).

360° reconstruction via dorsal approach: corpectomy, anterior spinal fusion with autograft, posterior
instrumental fixation.

Follow-up — 53 months, kyphoses correction, successful spinal fusion, partial recovery of neurological deficit
(Frankel C—1;D —4;E —3)

M = 24 years old, angular kyphoses, neurological deficit, pain syndrome.

180° reconstruction via ventral approach (n = 33): manubriotomy, abscessotomy, corpectomy, anterior spinal
fusion with a titanium block-mesh cage and a locking plate (< 2 motion segments).

360° reconstruction via dorsal approach (n = 16): posterior instrumental fixation, costotransversectomy,
anterior column debridement, anterior spinal fusion with autograft (< 2 motion segments, preceded by
debridement via ventral approach).

360° reconstruction via combined approach (n = 25): posterior instrumental fixation, abscessotomy,
corpectomy, anterior spinal fusion with a titanium block-mesh cage and a locking plate (> 2 motion
segments, revisions, rigid angular kyphoses).

Follow-up — 39 months: comparable correction of deformity, relief of pain syndrome.

Complications: transient dysphagia (2 cases), durotomy with postoperative CSF leak (2 cases), lower limb
monoparesis (1 case)

M = 25 years old, neurological deficit (Frankel A— 1,B — 2, C — 4, D — 4), angular kyphosis.

180° reconstruction via ventral approach (n = 8): corpectomy, abscess debridement, anterior spinal fusion
with a titanium mesh and locking plate.

360° reconstruction: corpectomy, anterior spinal fusion with autograft, posterior instrumental fixation.
Follow-up — 24 months: kyphosis correction, successful spinal fusion, partial recovery of neurological deficit
(FrankelB—1,C—2,D—4,E—4)

M = 46 years old, neurological deficit (Frankel A — 4, B — 2, C — 1), angular kyphosis.

180° reconstruction via ventral approach: manubrio/sternotomy, abscess debridement, corpectomy, anterior
spinal fusion with a titanium mesh and locking plate.

Follow-up — 24 months: stable implant, postoperative CSF leak requiring revision surgery (1 patient)

M = 40 years old, kyphoses, neurological deficit, vertebrogenic pain syndrome.

360° reconstruction: corpectomy, anterior spinal fusion with autograft, posterior instrumental fixation.
Follow-up — 27 months: kyphosis correction, successful spinal fusion, partial recovery of neurological deficit
(Frankel C—1,D —4,E — 10)

M = 36 years old, instability, pain syndrome.

180° reconstruction via ventral approach: manubriotomy, corpectomy, anterior spinal fusion with a titanium
mesh and locking plate (TBS).

180° reconstruction via ventral approach: manubriotomy, corpectomy, anterior spinal fusion with a titanium
mesh, posterior instrumental fixation (NCS).

Follow-up — 1.5 months: transient recurrent laryngeal nerve dysfunction (1 case)

21 years old, lower paraplegia with POD, prevertebral, paravertebral, and epidural abscesses.
Stage 1 — anterior decompression, abscess debridement, Halo-traction;

Stage 2 — posterior instrumental fixation, laminectomy, posterior spondylodesis.

Follow-up — 28 months: restoration of motor function in the lower limbs

NCS — nonspecific chronic spondylitis; TBS — tuberculous spondylitis.
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[ Chronic infectious spondylitis C-T }

Prior surgical intervention

v
[ Primary j

l A 4 Y

[ Revision ]

Number of SMS

<2 SMS* + angular < 2 SMS without
kyphosis kyphosis

v v v

180° reconstruction via
ventral approach

360° reconstruction via
combined approach

360° reconstruction via
combined approach

360° reconstruction via
combined approach

360° reconstruction via
dorsal approach

* — spinal motion segment.

Figure 2. Tactical scheme for selecting the type of surgical intervention in chronic spondylitis

of the cervicothoracic junction

Limitations of the study

The retrospective design of the study and the
small sample size highlight the need for further
accumulation of clinical data, including the use
of a multicenter approach. At the same time, the
scheme of the selection of surgical intervention
we proposed is of a pilot nature and undoubtedly
requires prospective validation.

CONCLUSIONS

Chronic  infectious spondylitis of the
cervicothoracic spine is a rare and poorly studied
pathology. The etiology of spondylitis affects the
clinical course of the disease and the incidence
of postoperative complications in the long term.
The analysis of available data and the evaluation
of the authors’ experience allowed for the
development of several tactical tools for planning
surgical reconstruction, including an algorithm
for selecting the surgical approach and
determining the need for manubriotomy. Long-
term surgical outcomes using the proposed
tactical algorithm allowed us to confirm its
effectiveness and potential for further application.
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Abstract

Background. Despite the high rate of the intramedullary osteosynthesis of proximal femur fractures, the
incidence of implant-associated complications exceeds 50%. Poor reduction and incorrect implant positioning
significantly increase the risk of mechanical complications and the frequency of unsatisfactory treatment
outcomes.

The aim of the study was to evaluate various fragment positions after the intramedullary nailing of proximal
femur fractures using the developed radiological criteria for assessing the quality of reduction, and to
determine the association between the quality of the restoration of the proximal femur, implant position and
fracture type.

Methods. In a retrospective single-center study we analyzed the primary X-rays of 108 patients with type 31A
fractures. Radiological criteria were preliminarily defined. According to them, the position of the fragments and
implants was considered satisfactory if the value of the neck-diaphyseal angle was more than 125°, anteversion
did not exceed 20°, medial diastasis was not more than 10 mm, and there were no negative medial support, no
femoral neck lengthening of more than 10 mm compared with the healthy side, and no penetration of the blade
into the joint. Patients were divided into three groups according to the fracture type. We analyzed and compared
the proportions of satisfactory and unsatisfactory radiological results within the groups and between them.
Results. Satisfactory reduction was noted in 83 patients (76.9%) out of 108, unsatisfactory — in 25 patients
(23.1%), and 16 patients (14.8%) had incorrect implant position. Patients with type 31A1 fractures were
3.5 times less likely to have an unsatisfactory reduction than patients with type 31A2 fractures (OR 3.511;
95% CI 1.202-10.261) and 6.7 times less likely to have an unsatisfactory reduction than patients with type
31A3 fractures (OR 6.714; 95% CI 1.685-26.752). The probability of incorrect implant positioning was 6 times
higher in type 31A3 fractures than in type 31A1 fractures (OR 6.000; 95% CI 1.410-25.528).

Conclusion. To improve the quality of surgical treatment, it is worth paying an increased attention to the quality
of the achieved reduction, implant selection, technical peculiarities of the fixation of types A2 and A3 fractures,
improvement of preoperative planning algorithms, as well as development of criteria for intraoperative
radiological assessment of the quality of the restoration of the proximal femur anatomy.

Keywords: pertrochanteric fracture, proximal femoral nail, osteosynthesis complications, preoperative
planning, intramedullary osteosynthesis.
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Pedepar

Beedenue. HecMoTpst Ha pacIpoOCTPaHEHHOCTh MHTPaMEAY/UIIPHOTO OCTEOCHMHTE3a TIPU ITepeioMax BepTellb-
HOJi 0671acTH 6eIpeHHOI KOCTH, OIS OCJIOKHEHMI, CBI3aHHbIX C MMILIaHTaTaMu, ImpeBsimaet 50%. Hekaue-
CTBEHHas perno3uiius ¥ HeKOPPEKTHOE MO0KeHMe UMIJIaHTaTa 3HAYMTENbHO MMOBBIILAKT PUCK Pa3BUTUS Me-
XaHUYECKUX OCIOKHEHU M YaCTOTY HEYA,0BIETBOPUTEIbHOIO MCXOa JIeUeH s TallieHTOB.

Llenv uccnedosanus — ONEHUTH BAPUAHTHI MMOJIOXKEHNSI OTVIOMKOB TI0C/Ie (DUKCAlMY BEPTEIbHbBIX IIePEIOMOB
MMPOKCUMAJIbHBIM Oe[lpeHHBIM CTepKHEM Ha OCHOBAHMM pPa3pabOTaHHBIX PEHTIeHOJOTMUYECKUX KpPUTepUeB
OLIEHKM KaueCTBa Peno3ULIMMU U ONpeaeInTh 3aBUCUMOCTDb KaueCcTBa BOCCTAHOBAEHMSI aHATOMUY ITPOKCUMATb-
HOTO OT/Aesa 6epeHHO KOCTY U TTOJIOKEHMS MMILIAHTATOB OT TUIIA TIepeioMa.

Mamepuan u memoodsl. B peTpOCIEKTVBHOM OIHOIEHTPOBOM MCC/IENOBAHUM TIPOAHATM3UPOBAHBI TIEP-
BUYHbBIE PEHTTEHOJIOIMYECKMEe pe3yibTaThl jJedeHuss 108 mauyeHTOB ¢ mepenoMamMy Tuma 31A. Beumm chop-
MYJIMPOBaHbl PEHTTEHOJIOTMYECKMEe KPUTEPUM, COMIACHO KOTOPBIM IIOJIOKEHME OTJIOMKOB M MMIUIaHTAa-
TOB TIPM3HABAIM YOOBJIETBOPUTENbHBIM TIPU YCIOBMM BEIMUMHBI IIeeUHO-AvadusapHOro yraa Ooree
125°, anteBepcum — He 6Gonee 20°, BeIMUMHBI MeIMAIbHOIO Auactasa — He 6omee 10 MM, OTCYTCTBUSI OT-
PULIATENIBHOM MeAMaIbHOM OIOpbI, OTCYTCTBMS VIJIMHEHUSI ek OempeHHO KocTtu Oonee 10 MM
B CpaBHEHUM CO 3T0POBOI CTOPOHOI, OTCYTCTBUS TTEHETPAIMM IIEeYHOTO BUHTA B CycTaB. [TalyeHTh 6bUIN pas-
JleJieHbl Ha TPY IPYIIIbI B 3aBUCUMOCTHM OT TUIIA ITepeomMa. Mbl MpoaHaaIM3UPpOBaIu 1 CPAaBHUIIM TOIN YA0BIETBO-
PUTEbHBIX Y HEYJIOBIETBOPUTEIbHBIX PEHTT€HOJIOTMYECKMX Pe3Y/IbTATOB B TPYIIIAX U MeKAY rPyIIaMu.
Pesynemameat. YOOBIEeTBOPUTEIbHAS PeNO3ULIMS OTMedeHa y 83 maunueHToB (76,9%) us 108, HeymoBIeTBOpU-
TenabHast — y 25 mauyeHToB (23,1%), y 16 manueHToB (14,8%) oTMeueHO HEKOPPEKTHOE MOJIOKEHVEe MMILIaH-
TaTOB. Y MaIMeHTOB C MepesioMaMy Tuiia 31A1 BepoSITHOCTb HEYIOBJIETBOPUTEIbHON penosuiiuy B 3,5 pasa
HIKe, UeM y MalMeHToB ¢ rmepenomamy 31A2 (OHI 3,511; 95% OU 1,202-10,261), u B 6,7 pa3 HiKe, YeM IIpU
nepesiome tmna 31A3 (OIII 6,714; 95% 11 1,685-26,752). BepoSITHOCTh HEKOPPEKTHOTO IOJIOKEHMS UMILIaHTA-
Ta B 6 pa3 BbIIIIe ITpU ITepejioMax Tvna 31A3, uem rpu repenomMax tvna 31A1 (OII 6,000; 95% O 1,410-25,528).
3axniouerue. [1151 TIOBBIIIEHUS KaueCTBa XUPYPIUUECKOTO JieueHsT He06X0AMO YAesSITh ITOBbIIIeHHOe BHY-
MaHMe KaueCTBY JOCTUTHYTOV Pero3uLuy, BbIOOPY MMIUIAHTATA, TEXHMYECKMM 0COOEHHOCTSIM €r0 YCTAaHOBKMU
pu IepeaoMax TUIIOB A2 1 A3, yIydllIeHNIO0 aJITOPUTMOB IPeaoNnepalyiOHHOrO IMIaHMPOBaHMS, a TAKKe IeTajlb-
HOJ1 pa3paboTKke KpUTepHEB MHTPAOTIEPAIMOHHON PEHTTEeHOJIOTMUECKOl OIeHKM KayecTBa BOCCTAHOBJIEHMS
aHATOMUM ITPOKCUMAJIBHOTO OT/esa 6eJpeHHOI KOCTH.

KiaroueBslie cj1oBa: Ilpe3BepTe.TIbHI)II'/JI rnepeyiomM, HpOKCMMaHbeIVI 6e,leeHHbH71 CTep>XeHb, OCJIO’)KHEHMA OCTEO-
CHHTe34a, IIpeaoriepaliMOHHOe ITJIaHMPOBaHNeE, I/IHT])&ME,EWHIIHDHI)IVI OCTeOCHHTE3.
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INTRODUCTION

The proportion of fractures in the trochanteric
region accounts for 30.0-51.5% of all femoral
fractures and 45.0-55.0% of proximal femoral
fractures (PFF) [1, 2, 3]. The presence of
osteoporosis and concomitant somatic pa-
thology in patients increases the risk of
both local and systemic complications [1, 4].
Consequently, the requirements for the quality
of osteosynthesis are heightened, as reduced
bone mineral density contributes to the failure
of fixation [5]. While answers to questions
regarding preoperative examination, timing of
osteosynthesis,andits pharmacological support
are outlined in current clinical guidelines, the
problem of the quality of fracture reduction
and its impact on treatment outcomes remains
insufficiently studied [6, 7, 8, 9].

At the same time, modern scientific literature
on the surgical treatment of trochanteric femoral
fractures has increasingly focused on the quality
of osteosynthesis [9, 10, 11]. The main goal of
surgical intervention is the rapid restoration
of weight-bearing capacity in the injured limb
and, consequently, early patient ambulation to
prevent hypostatic complications. According to
many authors, this can only be achieved through
a high-quality reduction of bone fragments
and their stable fixation, i.e., correct hardware
implantation [12, 13].

Most modern implants wused for the
osteosynthesis of trochanteric fractures are
dynamic. Their design incorporates the option of
dynamic compression under the force of muscle
contraction and axial load, which enhances the
mechanical stability of fragment fixation and
promotes fracture healing. However, this option
is only effective when the neck-shaft angle
(NSA) is restored, and the axis of the femoral
neck and head aligns with the position of the
neck screw [14].

The primary method of surgical treatment
for trochanteric femoral fractures at the
Interdistrict Clinical Hospital of Vsevolozhsk is
intramedullary locking osteosynthesis using a
proximal femoral nail. This method is universal
and indicated for both stable trochanteric (type
31A1) and unstable fractures (types 31A2 and
31A3). The well-studied surgical technique, the
possibility of the closed reduction of fragments

under fluoroscopic control in most cases, and the
high stability of the implant-bone system when
the nail is correctly installed make this method
the treatment of choice even for patients with
reduced bone density [6, 15, 16].

However, despite the advantages of
intramedullary osteosynthesis for trochanteric
fractures, the rate of implant-related compli-
cations following intramedullary nailing with
proximal femoral nail exceeds 50% [17]. The
most common complication is the cut-out of
the neck screw, occurring in 3-16% of cases
[10, 11, 15]. Cut-out may be accompanied by
varus collapse or medial penetration of the
screw into the joint. Another complication is
the Z-effect, which is similar in mechanism
and causes and is typical for dual-screw nails
[18]. Implant fractures, nail migration, locking
screw fractures, periprosthetic fractures, as
well as malunion and nonunion may indicate
biomechanical problems in the bone-implant
system. Under axial load, angular deformation
increases,and uncontrolled lateral displacement
of the neck screw occurs. In foreign literature,
this phenomenon is referred to as sliding [15].

Factors such as gender, age, fracture type,
and bone quality influence the frequency
of unsatisfactory outcomes and should be
considered by the operating surgeon, although
they are not directly under their control. At
the same time, the quality of the operation,
appropriate implant selection, and its correct
placement are within the surgeon's responsibility
and are controlled during preoperative planning
and osteosynthesis.

According to several authors, poor reduction
and incorrect implant positioning can lead
to mechanical complications, reoperations,
and unsatisfactory outcomes in patients with
trochanteric fractures [8, 9, 10, 11]. The risk
of complications can be reduced through
intraoperative assessment and timely correction
of radiographic parameters [9, 12, 19, 20].

The aim of the study was to evaluate various
fragment positions after the intramedullary
nailing of proximal femur fractures using the
developed radiological criteria for assessing
the quality of reduction, and to determine the
association between the quality of the restoration
of the proximal femur, implant position and
fracture type.
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METHODS

Study design: a retrospective cohort study.
Primary radiological outcomes of 108 patients
with trochanteric femoral fractures (type
31A according to the AO classification) who
underwent locking intramedullary osteo-
synthesis with a proximal femoral nail at the
Level I Trauma Center of the Interdistrict
Clinical Hospital of Vsevolozhsk from January
1, 2022 to December 31, 2022 were analyzed.
All operations were performed using a
standard technique with closed reduction
on an orthopedic table under intraoperative
fluoroscopy using a C-arm in both AP and axial
views. The study included 78 (72.2%) women
and 30 (27.8%) men. The median age was 82.0
years (Q1-Q3: 71-86, min — 30, max - 99).

Patients were divided into groups according
to the type of trochanteric fracture. The groups
were comparable in terms of gender (p = 0.369)
and age (p = 0.554) (Table 1).

Pre- and postoperative X-rays in AP and axial
views were analyzed. Based on the literature,
the following radiological criteria for assessing
the quality of fragment reduction and implant
positioning were defined: NSA, femoral neck

anteversion, medial contact gap between the
femoral neck and metaphyseal zone, type of
medial support, and length of the femoral neck
and head compared to the healthy limb.

On the X-ray in AP view, the angle between
the axis of the femoral head and neck and the
anatomical axis of the femoral diaphysis (NSA)
was measured. On the axial (lateral) X-ray, the
anteversion angle of the femoral neck and head
was determined by measuring the angle between
the anatomical axis of the femoral diaphysis
(mid-diaphyseal line) and the axis of the femoral
neck (line passing through the midpoint of the
femoral neck) [21].

On the AP view X-ray, the presence of a gap in
the medial contact area between the femoral neck
and metaphyseal zone was assessed. Its size was
determined by measuring the distance between
the medial cortex of the distal fragment and the
inferomedial cortex of the proximal fragment
along a line parallel to the axis of the femoral neck
[13]. Additionally, the presence of negative medial
support, characterized by the medial cortex of the
proximal fragment overlapping laterally to the
medial cortex of the distal fragment, was evaluated
on the AP view X-ray [12].

Table 1
Characterization of patient groups by gender and age
. . Gender
Fracture type Number of patients Age, Me (IQR; min-max)
female male
Al 53 (49.1%) 80 (69-85; 30-99) 35 (66%) 18 (34%)
A2 42 (38.9%) 83.5 (72.5-87.0; 37-91) 33 (79%) 9 (21%)
A3 13 (12.0%) 83 (70.5-87.0; 59-91) 10 (77%) 3 (23%)
Total 108 (100%) 82 (71-86; 30-99) 78 (72.2%) 30 (27.8%)

Wedge effect [22, 23], characterized by a
relative increase in the length of the femoral
neck and head, was measured on the X-ray in
AP view along a line corresponding to the axis
of the femoral neck from the apex of the head
to the intersection with the outer cortex of the
subtrochanteric region. The relative increase in
femoral neck length compared to the contrala-
teral limb was also measured on the AP view X-ray.

Regarding implant positioning, the placement
of the neck screw not above the center of the head
on AP and lateral X-rays was considered normal.
The deviation of the neck screw axis from the
central position by no more than the width of

its cross-section upward and posteriorly, as well
as a lower screw position on the AP view X-ray,
was considered acceptable but only for dual-
screw systems. A low screw position at the base
of the neck in a single-screw system was deemed
unsatisfactory.

The length of the neck screw was considered
correct if the distance from the proximal end of
the screw to the central point of the articular
surface of the femoral head was no more than
1.0 cm [8, 24]. Screw positioning resulting in joint
penetration, i.e., the screw tip extending beyond
the articular surface of the femoral head on AP
or axial X-rays, was deemed unsatisfactory. The
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derotation screw was assessed for being parallel
to the neck screw. The length of the derotation
screw was only determined in cases of perforation
of the articular surface of the femoral head.

Fragment and implant positioning were
considered satisfactory if the NSA was greater
than 125°, anteversion was no more than 20°,
medial diastasis was no more than 10 mm,
negative medial support was absent, femoral neck
lengthening was no more than 10 mm compared
to the healthy limb, and there was no penetration
of the neck screw beyond the femoral head.
Otherwise, fragment positioning was deemed
unsatisfactory.

We analyzed the proportion of satisfactory
and unsatisfactory radiological outcomes based
on the fracture type. All measurements were
performed on a personal computer using the
RadiAnt DICOM Viewer software (Medixant,
Poland) with the ruler tool.

Statistical analysis

The database was compiled in Microsoft Excel
(Microsoft Office 365, Microsoft Inc., USA).
Statistical analysis was performed using SPSS
Statistics v.27 (IBM, USA).

The distributions of all quantitative
variables were assessed for normality using
the Kolmogorov-Smirnov and Shapiro-Wilk
tests. Based on the results, the null hypothesis
was rejected, and the non-parametric Kruskal-
Wallis test was used for comparing quantitative
variables.

Nominal variables were presented in
contingency tables. Their analysis was conducted
using the Pearson x2 test and the two-proportion
Z-test with the Benjamini-Hochberg correction
for multiple comparisons. The strength of the
association between variables was assessed by
calculating Cramer's V. For 2x2 contingency

tables, the odds ratio (OR) with a 95% confidence
interval (95% CI) was calculated. Relative values
are presented as percentages.

RESULTS

Data on the quality of reduction and the
correctness of implant positioning are presented
in Table 2.

In 5 (9.4%) patients with type 31A1 fractures,
incorrect implant positioning was observed. In
2 of these cases, the neck screw was inserted
above the axis, and in 3 cases, the screw length
was insufficient. Despite the errors in implant
positioning, the reduction of fragments was
deemed satisfactory in 2 of these 5 patients.

In the group with type 31A2 fractures, incor-
rect implant positioning was noted in 6 (14.3%)
patients: 3 cases of non-parallel insertion of
neck screws, 1 case of cartilage perforation in the
femoral head, and 2 cases of using a short screw.

The highest number of patients with incorrect
implant positioning was found in the group with
type 31A3 fractures—5 (38.4%). One patient had
a short neck screw, and in one case, the screw
perforated the femoral head. In 2 patients, the
neck screw was positioned too low, and in one
case, it was positioned too high. Notably, only
4 (30.7%) patients in this group received the long
version of the nail.

A correlation was found between fracture type
and reduction quality: x% =9.473; p = 0.009. The
strength of this correlation, based on Cramer's
V (V = 0.296) and interpreted according to the
recommendations of L.M. Rea and R.A. Parker
[25], was considered moderate.

Pairwise comparison of the groups revealed
that statistically significantly fewer cases of
unsatisfactory reduction were observed in
patients with type 31Al1 fractures (p = 0.026
compared to 31A2 and p = 0.011 compared

Table 2

Distribution of patients by fracture type and the quality of fragment reduction according
to the radiological criteria

Fracture Number of Satisfactory reduction Unsatisfactory reduction Incorrect 1mplant
type patients positioning
31A1 53(49.1%) 47 (88.7%) 6(11.3%) 5(9.4%)
31A2 42 (38.9%) 29 (69.0%) 13 (31.0%) 6 (14.3%)
31A3 13 (12.0%) 7 (53.8%) 6 (46.2%) 5 (38.4%)
Total 108 (100%) 83 (76.9%) 25(23.1%) 16 (14.8%)
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to 31A3). It was noted that the odds of
unsatisfactory reduction were 3.5 times lower in
patients with type 31A1 fractures compared to
those with type 31A2 fractures (OR 3.511; 95%
CI 1.202-10.261) and 6.7 times lower compared
to type 31A3 fractures (OR 6.714; 95% CI 1.685-
26.752). No statistically significant differences
were found between the patients with type 31A2
and 31A3 fractures.

A statistically significant  correlation
was also found between fracture type and
implant positioning: x* = 6.985; p = 0.03. The
strength of this correlation, based on Cramer's
V (V = 0.254) and interpreted according to the
recommendations of L.M. Rea and R.A. Parker,
was considered moderate.

Pairwise comparison of the groups showed
that the patients with type 31A3 fractures had
statistically significantly more cases of incorrect
implant positioning (p = 0.027) compared to
those with type 31A1 fractures. The odds were

6 times higher in patients with more severe type
31A3 fractures compared to those with type 31A1
fractures (OR 6.000; 95% CI 1.410-25.528).

We analyzed all 25 cases of unsatisfactory
fragment positioning. The most common
reduction error was varus positioning of the
proximal fragment with a NSA of less than
125°, observed in 17 patients (15.7% of all 108
patients).

The wedge effect, which develops during nail
insertion and leads to the lateralization of the
diaphyseal fragment and relative lengthening
of the femoral neck, was noted in 10 patients
(9.3%) (Figure 1). A pathological medial gap
between fragments exceeding 10 mm was
observed in 7 (6.5%) patients (Figure 2), and
negative medial support was noted in 3 (2.7%)
patients (see Figure 1). Significant rotational
deformity of the femoral neck with increased
anteversion of the head was detected in 3
(2.7%) patients.

Figure 1. Reduction errors in the osteosynthesis of the
proximal femoral fractures:

a — wedge effect, lateralization of the diaphyseal
fragment;

b — varus position of the proximal fragment, negative
medial support, wedge effect with lateralization of the
diaphyseal fragment, incorrect position of the neck
screw

Figure 2. Reverse wedge effect leading to the formation of a pathological calcar gap:
a — initial X-ray; b — X-rays after osteosynthesis;
¢ — valgus displacement of the proximal fragment, reverse wedge effect
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A more detailed analysis of the data from
16 patients with incorrect implant positioning
showed that the primary perforation of the
femoral head by the neck screw occurred in
2 (1.9%) patients. In one (0.9%) patient with a
primary type 31A1 fracture and a short proxi-
mal femoral nail, a fracture of the lateral wall
extending to the upper third of the diaphysis

Figure 3. Cut-out of the short neck screw:

a — AP view X-ray after osteosynthesis;

b — AP view X-ray 2.5 months postoperatively;
¢ — coronal CT 2.5 months postoperatively, demonstrating the cut-out of the neck screw

DISCUSSION

The frequency of mechanical complications
in osteosynthesis of trochanteric fractures,
such as varus collapse, implant migration
and perforation, nonunion, and the need for
reoperation, ranges from 4.6 to 12.4% [26]
and increases to 30-50% in cases of primary
osteosynthesis errors [10, 17]. Therefore, in
our opinion, well-performed osteosynthesis
promotes early patient mobilization and achieves
good treatment outcomes.

Unstable fractures of types 31A2 and 31A3
require increased attention, as the surgical
treatment of such patients, as our study has
shown, is associated with technical challenges.
Implant positioning and the quality of fragment
reduction are important indicators of fixation
stability and the risk of complications [19].

First and foremost, the correctness of screw
positioning in the femoral head is assessed. It
is believed that the screw tip should be oriented
toward the center of the femoral head in both AP
and axial views. In AP view, when using a dual-

was identified. In cases where a Gamma nail
was used, the neck screw was positioned too
high in 3 (2.8%) patients and too low in 2
(1.9%) patients (see Figure 1b). In 6 (5.6%)
patients, the implanted neck screw was too
short (Figure 3), and in 3 (2.8%) patients, the
neck and derotation screws were not parallel
on the AP view X-ray.

screw system, the screw can be positioned in the
lower third of the head [9, 24]. Many authors use
Parker's ratio, determining the percentage ratio
of the distance from the base of the femoral head
to the screw on the AP view X-ray and from the
posterior wall to the screw on the lateral X-ray
[27]. Parker's ratio should not exceed 50% [23],
which is why the positioning of the neck screw
was deemed incorrect in 5 (4.6%) patients in our
study (see Figure 3).

In 1995, M.R. Baumgaertner et al. proposed the
tip-apex distance (TAD) criterion as the sum of
the distances from the apex of the femoral head
to the upper end of the neck screw in two views.
After examining 198 trochanteric fractures,
the authors noted complications in 19 cases
(including 16 cut-outs). Based on these findings,
it was determined that the TAD value should not
exceed 25 mm [8].

P.R. Kuzyk et al. proposed measuring the
calcar-referenced tip-apex distance (CalTAD)
on the AP view X-ray, which represents the
distance from the screw tip to the point where
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the circumference of the femoral head intersects
with a line parallel to the axis of the femoral neck
and passing through its base [28]. This approach
favors a lower position of the neck screw relative
to the central axis of the neck. However, some
modern authors have not found a statistically
significant correlation between a TAD of less
than 25 mm and cut-out, stating that a TAD and
CalTAD of less than 20 mm carry the risk of screw
penetration into the joint, especially with low
screw positioning [11]. In our study, we focused
on the position of the neck screw relative to the
center of the femoral head and the distance from
the proximal end of the screw to the central point
of the articular surface of the head, considering a
distance of no more than 1.0 cm as normal. If this
distance was greater, the screw was deemed too
short or its positioning was considered incorrect,
which was noted in 6 (5.5%) patients.

In three cases where a dual-screw system was
used, the screws in the femoral head were not
inserted parallel, which may have been due to
instrumentation defects or insufficiently secure
fixation of the guide device during channel
formation.

The above parameters are important but not
the only criteria for assessing the quality of
reduction and fracture fixation. As additional
criteria, we selected the following parameters
for a more comprehensive evaluation of
radiological surgical outcomes: NSA and femoral
neck anteversion angle. These parameters were
determined on AP and axial X-rays. According
to L.N. Solomin et al., the average NSA is 130°
(124-136°), and the anteversion angle is 170°
(165-175°) [21]. For greater objectivity, these
values should be compared with those of the
healthy limb, which may differ due to individual
patient characteristics.

Since many patients lacked X-rays of the
healthy joint, we considered a NSA of 125° as the
threshold. According to A. Kashigar et al., there
is a statistically significant correlation between
residual varus deformity and the risk of cut-out
[10]. In our study, 17 (15.7%) patients exhibited
residual varus deformity of the proximal femur
with a NSA of less than 125° after operation,
which, in our opinion, most often indicates
poorly performed reduction.

According to the literature, the acceptable
margin of error for anteversion is 20° [12, 19].

Excessive anteversion is generally associated with
non-central positioning of the neck screw on the
lateral X-ray, which significantly increases the risk
of cut-out [8, 10, 27]. In 3 (2.7%) patients, we noted
increased anteversion on the lateral X-ray.

Formation of medial support: positive,
neutral, and negative medial support

S.M. Chang et al. proposed the concept of
reduction for trochanteric fractures of types
31A1 and 31A2 with positive medial support,
which involves eliminating displacement in the
area of the contact between the medial cortices
of the proximal and distal fragments so that the
medial cortex of the proximal fragment is slightly
medial to the medial cortex of the distal fragment.
During compression between the fragments, the
proximal fragment is supported by the distal
fragment, preventing excessive displacement
of the proximal fragment under the dynamic
compression of the neck screw under axial load.
Otherwise, if the medial cortex of the distal
fragment is medial to the proximal fragment,
there will be no support between the fragments.
This can lead to uncontrolled medialization of
the distal fragment, increased varus deformity,
screw migration, and penetration into the joint
or cut-out [12].

Neutral support is defined as the position
where the medial cortices of the fragments are
aligned. The authors tested this concept in a
clinical study involving 127 patients. Surgeons
achieved reduction with positive medial support
in 89 (70%) patients. In 26 (20.5%) patients,
reduction was with neutral support, and in 12
(9.5%) patients, it was with negative support.
A statistically significant difference was found
in the increase in varus deformity up to 8.9° and
shortening of the neck up to 6.8 mm in the group
with negative medial support. In the group with
positive medial support, patients returned to full
weight-bearing earlier, experienced less pain,
and had better functional outcomes [12].

We consider this concept justified and
convenient for use, as the described features
are easily distinguishable on intraoperative
X-rays. In our study, we also used the principle of
negative medial support as one of the indicators
of reduction quality. However, unlike the study by
S.M. Chang et al., this feature was noted in only 3
(2.7%) patients in our group.
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Neck lengthening and diaphysis
lateralization: a wedge effect

Wedge effect was first described by M.]. O’Malley
et al. in 2015 [22]. It manifests as lateral
displacement of the femoral diaphysis and is
characterized by an increase in varus deformity
during intramedullary nail insertion (see
Figure 1a). This results in the lengthening of
the femoral neck and increased femoral offset,
leading to increased load on the implant-bone
system in the trochanteric region that raises the
risk of fixation failure and neck screw cut-out.
Additionally, varus positioning of the femoral
neck can lead to poor reduction of medial
support and incorrect screw positioning in the
head, which can also contribute to mechanical
complications.

Wedge effect is widely discussed in
the literature [22, 23, 29] and is relatively
common. According to B.A. Butler et al., it is
associated with the higher bone density in
the superolateral part of the femoral neck
compared to the greater trochanter. Therefore,
during drilling, the drill and subsequently the
nail are displaced laterally [29].

S.H. Yen et al. observed an average decrease
in NSA of 4.16° and an increase in femoral
offset of 5.5 mm in a group of 113 patients with
trochanteric fractures. In the group of patients
with subsequent cut-out, the decrease in NSA was
8.9°. The authors also assert that the presence of
a lateral wall fracture, as in type 31A3 fractures,
is a predisposing factor for progressive varus
deformity [23].

In our study, we also noted the presence of
wedge effect, i.e., varus deformity and femoral
neck lengthening. This radiological sign was
observed in 10 (9.3%) patients. Therefore,
we recommend carefully monitoring lateral
displacement during the implantation of
the proximal femoral nail and following the
recommendations to perform reduction with
slight valgus, medializing the nail entry point, and
temporarily holding the fragments with pointed
bone clamps during nail insertion [23, 29].

Pathological calcar gap

Y.Zhang et al. described the reverse wedge effect,
which may take place in case of intramedullary
osteosynthesis for type 31A1 and 31A2 fractures.
During implant insertion, impingement occurs
between the nail (or drill) and the proximal

wall of the neck fragment, leading to internal
rotation of the femoral neck and the formation
of a gap in the medial contact area (see
Figure 2). The authors report that this effect
occurs in 7.97% of cases, with an average gap
size of 9.2%4.6 mm [20].

Such fragment displacement can lead to
incorrect implant positioning, mechanical
complications, and delayed fracture healing.
H. Song et al., studying this effect, concluded
that the calcar gap should not exceed 4.2 mm
on the AP view and 3.8 mm on the lateral view.
Otherwise, the risk of losing anteromedial
support increases, leading to excessive sliding
of the femoral head and neck fragment. In the
group of patients with the loss of medial support,
the average gap on the AP view X-ray was 7.09
mm, and on the lateral X-ray, it was 5.89 mm
in 46 cases. During follow-up, varus deformity
greater than 10° was noted in 10 (21.7%) patients,
and excessive sliding greater than 10 mm was
noted in 8 (17.4%) patients [13]. In our study, a
pathological calcar gap of 10 mm or more was
observed postoperatively on the AP view X-ray in
7 (6.5%) patients.

In intertrochanteric type 31A3 fractures,
many authors assess the integrity of the lateral
wall and pay attention to its reduction in case of
damage, as residual displacement of the lateral
wall fragments or iatrogenic fracture can lead
to complications [15, 23]. In an earlier study,
C.E.Hsu et al. demonstrated that in patients with
a lateral wall thickness of less than 20.5 mm,
isolated fixation with a dynamic hip screw (DHS)
significantly increases the risk of lateral wall
fracture and mechanical complications [30].

J. Li et al. proposed a classification of
trochanteric fractures based on computed
tomography (CT). They divided them into five
types depending on the integrity of the lateral
wall and the preservation of medial cortical
support. The first three types are stable and
characterized by varying degrees of medial
support involvement with an intact lateral wall.
Type IV is characterized by partial, and type V
by complete destruction of the lateral wall.
Both types are unstable, with a tendency for
excessive sliding of the neck screw and medial
displacement of the femoral diaphysis. Type
IV can be complicated by iatrogenic fracture of
the lateral wall during reduction and implant
insertion, which exacerbates instability [26].
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S. Babhulkar et al. proposed their own
classification of unstable fractures that require
careful planning and mandatory preoperative CT
to clarify the morphology and type of lateral wall
fracture, posterior intertrochanteric fragment
(posterior wall), and lesser trochanter fragment
(medial column). During osteosynthesis, the
authors recommend accurately reducing these
fragments and fixing them with additional
cerclage wires [15].

In our study, two patients with type 31A3
fractures had significant residual displacement
of the greater trochanter fragment, with the
neck screw passing through the fracture line of
the lateral wall. In another 4 patients, the neck
screw was inserted through the intertrochanteric
fracture line, but no primary displacement of
the greater trochanter fragment was observed.
Subsequently, two of these patients experienced
cut-out, requiring reoperation.

In one case, correcting osteotomy with
repeated osteosynthesis using a dynamic
condylar screw (DCS) was performed 6 months
after the initial operation. In the second case, at 7
months post-osteosynthesis, the intramedullary
nail was removed, followed by total hip
arthroplasty. Another patient had an iatrogenic
lateral wall fracture without significant fragment
displacement.

It is also worth noting that only 4 of the 13
patients with type 31A3 fractures received the
long version of the intramedullary nail. While
this is not a violation of the technique, there are
publications describing the advantages of the
long version of the proximal femoral nail for type
31A3 and 31A2.3 fractures, as well as in cases of a
wide medullary canal and the presence of a large
coronal lateral wall fragment [31].

Thus, the analyzed group of patients with
trochanteric femoral fractures is sufficiently
representative and comparable in terms of
gender, age, and fracture characteristics to the
groups studied by other authors [13, 20, 24]. The
surgical method used in our study complies with
current clinical guidelines.

X-ray analysis showed that a significant
proportion of patients (23.1%) had unsatisfactory
fragment and implant positioning. There was also
a progressive deterioration in reduction quality
and an increase in unsatisfactory outcomes with
increasing fracture severity. Thus, the proportion
of unsatisfactory radiological outcomes of

primary osteosynthesis in unstable type 31A2
and 31A3 fractures was significantly higher than
in type 31A1 fractures.

In the largest group of patients with type
31A1 fractures, the frequency of reduction and
implant positioning errors was relatively low and
was observed in only 6 patients (11.3%). This is
likely due to the fact that type Al fractures are
considered stable, as they are not accompanied
by significant fragmentation or displacement of
fragments, and closed reduction through traction
and internal rotation in most cases restores the
anatomy of the neck, head, and metaphyseal
zone of the femur. Inaccurate reduction may be
associated with an incorrect entry point of the
nail, lateralization of the diaphyseal fragment,
and the formation of a wedge effect [22] or with
errors in preoperative planning and improper
selection of implant sizes.

In the group of 31A2 fractures, the frequency
of intraoperative errors is significantly higher
than in 31A1 fractures, reaching 31%. This is
due to the instability of the fracture, given its
comminuted nature and significant fragment
displacement. All types of errors identified in
the study are observed in this patient group.
These errors may be related to imprecise
fragment reduction, leading to residual angular
deformity due to inadequate traction, as well as
uncorrected rotation of the proximal fragment,
which manifests as residual varus positioning of
the femoral neck and the formation of negative
medial support. Under subsequent axial loading,
this may result in varus collapse, implant
penetration, and migration.

Thus, the improper reduction of fragments
leads to incorrect implant positioning. At
the same time, implant placement without
considering the described effects may also
lead to fragment displacement, improper
fixator positioning, disruption of the dynamic
stabilization mechanism, and fracture nonunion.

In our study, the error rate in the group of
patients with 31A3 fractures was also high,
reaching 46.2%. This is not only due to the
difficulties of reduction but also to errors in
implant selection and placement techniques.
Similar to 31A2 fractures, significant
displacement of bone fragments may progress
during the implantation of the intramedullary
nail and femoral locking screw, which often
cause fragment migration as they pass through
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the fracture line. The broader use of direct closed
or minimally open reduction methods with
temporary fixation using bone clamps, wires, or
cerclage before reaming the medullary canal and
inserting the nail may improve the final position
of the fragments.

According to the literature, in 31A3 fractures,
the use of a long version of the proximal femoral
nail is recommended, as it provides greater
fixation stability and resistance to axial loads
compared to the short version, helping to prevent
complications such as the pendulum effect. In
cases of a wide medullary canal, pathological nail
toggling within the canal may occur, leading to
pathological mobility of the neck screw and its
external migration [31].

CONCLUSION

The application of intraoperative radiological
criteria for assessing the quality of the restoration
of the proximal femur has led to the conclusion
that, in case of 31A2 and 31A3 fractures, special
attention should be paid to the quality of achieved
reduction, implant selection, and technical
aspects of its placement. Along with improving
preoperative planning algorithms, this will help
to achieve better surgical treatment outcomes.
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Abstract

Background. The generally accepted method of treating complex radial head fractures is arthroplasty.
At the present stage, there is a variety of prosthetic designs, in production of which statistically averaged
morphometric parameters are used. The anthropometric features of patients are not taken into account.

The aim of the study — to compare the morphometric parameters of the proximal radius obtained using
computed tomography and computer modeling.

Methods. The study used the radiological method of examination and the computer modeling method.
The study material was a database of DICOM format computer tomograms of the right and left elbow joints
of 137 people (66 males, 71 females). Their age ranged from 40 to 70 years, without signs of musculoskeletal
system pathology. Computer tomograms were analyzed using the RadiAnt DICOM Viewer program. Computer
modeling was carried out through the ITK-SNAP program (GNU General Public License version 3.0 — GPLv3),
with further processing of the obtained model using the developed software method.

Results. Comparison of the morphometric parameters of the radial head obtained using the developed
computer modeling program and the morphometric parameters of a standard computed tomogram showed
their identity.

Conclusion. The presented software program “Automated determination of bone morphometric parameters”
will enable to model the radial head prosthesis on the basis of indicators of computer tomograms, taking into
account the individual structural features of the patient’s radius.

Keywords: radius, radial head, radial neck, arthroplasty, modeling.
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CpaBHeHMe U OLEeHKA aHaTOMUYECKMX OCODEHHOCTEN CTPOEHUS
rOJIOBKM JIy4eBOM KOCTU YeN0BEKa NpU KOMMNbIOTEPHOMU TOMOrpagum
U KOMNbTEPHOM MOAENUPOBAHUU

A.O. CamoxuHa, C.E. lllemsikos, A.I1. PaTbeB, K.A. Ernasapsia

@IAQY BO «Poccutickuti HayuoHanbHblli ucciedosamensckuli meduyuHckuii ynusepcumem um. H.U. I[Tupozosa»
Mun3dpasa Poccuu, 2. Mockea, Poccus

Pedepar

AxkmyansHocms. O6IENPUHSITHIM METOIOM JIEUEHUST CIIOXKHBIX TIEPEIOMOB I'OJIOBKM JTYYEBOI KOCTU SIBIISIETCST
SHAONpOTe3upoBaHue. [Ipy Npon3BOACTBE COBPEMEHHBIX KOHCTPYKLIMIA IPOTE30B UCIIOAb3YIOTCS CTATUCTU-
YecKM ycpemHeHHbIe MOopdoMeTpuUeckue mapaMeTpbl 6€3 yueTa KOHCTUTYIIMOHATbHBIX aHTPOIIOMEeTpuUYe-
CKUX 0COOEHHOCTE MaIMeHTOB.

Ilens uccnedosanus — cpaBHUTH MOpdoMeTpuUeckie mokasaTe/Jn MPOKCUMMaIbHOIO OT/AeIa TyYyeBoil KOCTU
yeji0BeKa, oJyYeHHble IPYU MOMOIIY KOMITbIOTePHOI ToMorpaduyt 1 KOMIIbIOTEPHOT'O MOJeIMPOBaHNSI.
Mamepuan u memodesi. B viccienoBaHUM UCIIOb30BA/IN JIyueBOit METOM ¥ METOJ, KOMIIbIOTEPHOTO MOJE/IN-
poBaHus. MaTepuasioM UCC/IeJOBaHUS MOCTYKMiIa 6a3a KOMITbIOTePHbIX ToMOorpaMm ¢opmara DICOM mpa-
BBIX U JIEBBIX JIOKTEBBIX CYCTaBOB 137 yenoBek (66 My>KuMH, 71 >keHIIMHbBI), BO3PAaCcT KOTOPBIX COCTaBmui OT 40
o 70 neT, y HUX OTCYTCTBOBa/IM NMPU3HAKYU MATOJOIUMM OIMOPHO-IBUTraTeNbHOrO anmnapara. KomneloTepHble
TOMOI'paMMbl aHATMU3UPOBAINCH C TTOMOIIIbI0 mporpaMmbl RadiAnt DICOM Viewer. KoMmnbioTepHOe Moz enu-
poBanue mpoBogmioch B rporpamme ITK-SNAP (GNU General Public License version 3.0 — GPLv3) ¢ gajb-
Hejimeit 06paboTKOI MOTYYEeHHOI MOV IPY MOMOIIY pa3paboTaHHOTO MPOTPAaMMHOTO MeTOa.
Pezynomamet. CpaBHeHMe MOphOMeTpPUUECKUX ITOKa3aTeseli TOJI0BKY Iy4eBOii KOCTH, IOTYUYeHHbIX IIPU 10~
MO pa3paboTaHHOI MTPOrpaMMbl KOMITBIOTEPHOTO MOAEIUPOBAHUS, U ITApaMeTPOB MOP(QOMETpUM CTaH-
IapTHOM KOMIIBIOTEPHOJ TOMOIPAMMBbI [10Ka3a/10 UX TOXIECTBEHHOCTb.

3akniouenue. IpeacraBieHHbIN TPOTPAaMMHBIN ITPOAYKT «ABTOMAaTU3MPOBAHHOE oIpee/ieHe MophomMeTpu-
YeCcKUX MapaMeTpOB KOCTV» B JaJIbHeNIeM IT03BOIUT MOLENNPOBATh IPOTE3 FOJIOBKY JIy4eBOJ KOCTH, OIIMpPa-
SICh Ha MTOKAa3aTe/IX KOMITbIOTEPHbBIX TOMOTPAMM C YYETOM MHIUBUTYATbHBIX 0COOEHHOCTEN CTPOEHMUS TyYeBOit
KOCTM MalMeHTa.

KiroueBble cj10Ba: TyueBast KOCTbh, TOJIOBKA JTyU€BOi KOCTH, IIeiiKa JIy4eBOi KOCTH, SHAOIIPOTE3UPOBAHME, MO-
IenpoBaHue.
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INTRODUCTION

The fractures of the radial head account for 30 to
50% of all elbow joint injuries in adults and are
often accompanied by ligament tears and valgus
instability in the elbow joint [1, 2, 3]. Total elbow
arthroplasty using metal and pyrocarbon radial
head implants has become a common surgical
procedure in modern orthopedic practice [4, 5, 6].
The objective of elbow arthroplasty is to reduce
pain and restore joint mobility [7, 8]. According
to the literature, this method demonstrates
satisfactory clinical outcomes and is the method
of choice for managing comminuted fractures [9,
10, 11]. To avoid postoperative complications,
such as degenerative bone changes and the
loss of elbow motion, the implant size should
correspond to the normal anatomy of the radial
head [10, 12]. For this purpose, various prosthetic
designs differing in the diameter and height
of the radial head are used in the practice of
orthopedic surgeons [13, 14]. These prostheses
are manufactured using statistically averaged
morphometric parameters obtained through
meta-comparison and summation of research
results, without considering the constitutional
anthropometric characteristics of patients. The
analysis of currently available implants shows
that all radial head prostheses have a limited size
range, which, in turn, excludes the possibility of
personalized selection [15].

Given this, the issue of modeling and
manufacturing individualized radial head
prostheses based on the anthropometric
parameters of specific patients is highly relevant.
Furthermore, the priority task today is the design
and production of domestically manufactured
radial head prostheses.

The aim of the study is to compare the
morphometric parameters of the proximal radius
obtained using computed tomography and
computer modeling.

METHODS

Study design

Type of study: retrospective cohort study.

The study material consisted of a database
of computed tomography (CT) scans in DICOM
format of the right and left elbow joints of 137
individuals (66 men, 71 women).

The study included patients aged 40 to 70
years without signs of musculoskeletal pathology.
CT scans were analyzed using the RadiAnt
DICOM Viewer software, as it is a universal
and most frequently used computer program
available for public access. When the CT scans
are loaded into the program, it is possible to
switch to the Multiplanar Reconstructions mode
which allows for the visualization of the segment
in three planes and the manual measurement
of each parameter one by one.

In computer modeling, the first step involves
the fragmentation of the bone on the CT scan
and converting it into a more convenient three-
dimensional format. For this purpose, the open-
source ITK-SNAP (GNU General Public License
version 3.0 — GPLv3) software was used. After
opening the file, the program displays the image
in three planes. The fragmentation process
consists of the following steps:

1) selecting the fragmentation area — at this
stage, it is necessary to choose the area of the
image where fragmentation will occur;

2) adjusting fragmentation parameters —
the most important aspect at this stage
is highlighting the silhouettes of the bones by
modifying the color filter parameters, which
is essential for accurate bone fragmentation;

3) placing “bubbles” — at this stage, initial
fragmentation points need to be marked, which
will then propagate throughout the entire bone
volume (the more “bubbles” placed, the more
precise the fragmentation will be);

4) running the fragmentation algorithm
— at this stage, the program begins automatic
fragmentation, the results of which can be
observed in real time. The result of fragmentation
is a finished model. Next, the model needs to
be exported into the vtk (Visualization Toolkit)
format for 3D modeling and graphics (Figure 1).

The further processing of the computer
model of the radius was carried out using a
software method developed by us, tentatively
named “Automated Determination of Bone
Morphometric Parameters”.

Upon launching the program, a window opens
displaying the bone model (Figure 2). The bone
model can be rotated by moving the mouse while
holding the left button. To move the model
parallel to the screen, the user should hold the
shift key. The scroll wheel is used to scale.

70 2025;31(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

wr e e

A = i Ly e
hiea mrat

-

T

Y

Dol il el

=
TS i

> wrS

meechol Doir

Figure 2. The appearance of the program window
“Automated determination of bone morphometric
parameters”

Fixed reference points automatically appear
on the computer model and can be manually
adjusted if necessary. After selecting all the
required points, the morphometric parameters
will be displayed in the console, and the user
will be given the option to save the parameters
to a file.

Statistical analysis

The statistical analysis of the study results
was performed using the Microsoft Excel and
Statistica 13 for Windows software packages.
The Lilliefors test was used to check for normality
of distribution. The arithmetic mean and standard

Figure 1. Export of radial head
3D model into vtk format

deviation (M£SD), as well as the minimum and
maximum values, were considered for all groups.
The significance of differences was assessed using
the t-test for independent variables. Differences
were considered statistically significant at
p<0.05. To evaluate statistically significant
differences between the mean values in the male
and female groups, the confidence interval (CI)
of the difference in mean values was used.

RESULTS

To obtain the values of the radial head diameters,
the distance between the most distant points
of the head in the frontal and sagittal planes,
oriented relative to the radial tuberosity, was
used. Anthropometry using classical computed
tomography in men showed that the selected
parameters were 26.81¥1.58 mm in the frontal
plane and 26.4*1.30 mm in the sagittal plane.
The use of the developed computer modeling
program revealed similar values for the studied
parameters of the radial head model, which were
26.78*1.61 mm and 26.44*1.3 mm, respectively.
In women, the average radial head diameter
values in the frontal plane measured on CT scans
were 21.62%1.46 mm, while those obtained using
computer modeling were 21.68+1.43 mm. The
corresponding values in the sagittal plane were
21.92+1.38 mm and 21.96%*1.4 mm, respectively.
The height of the radial head was determined
as the distance between the smallest and
largest base of the radial head at four mutually
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perpendicular points in the frontal (F1; F2) and
sagittal (S1; S2) planes, oriented relative to the
radial tuberosity. Notable differences in the
height of the head in the studied planes were
observed, indicating that the radial head is not
an ideal cylinder but rather has the shape of a
truncated cone with highly variable and often

elliptical bases. This underscores the necessity of
considering these parameters during modeling.
The results obtained using CT were also nearly
identical to those obtained through computer
modeling.

The studied morphometric parameters and
their values are presented in Tables 1-3.

Table 1
Morphometric parameters of the radius in men, mm
Computed tomography Computer modeling
Parameter p
M=£SD max min M=£SD max min

Diameter of the radial head in the 26.81+1.58 30.00 22.80 26.78+1.61 30.00 22.80 0.94
frontal plane

Diameter of the radial head in the 26.4%1.30 28.60 24.10 26.44+1.30 28.70 24.20 0.90
sagittal plane

Height of the radial head in F1 11.75+2.04 16.20 6.71 11.79£2.05 16.50 6.71 0.94
the frontal plane F2 10.04+1.88 | 15.30 7.77 | 10.05+1.87 | 15.10 7.77 0.98
Height of the radial head in S1 9.56%1.33 12.00 7.17 9.58+1.36 12.00 7.27 0.96
the sagittal plane S2 10.23%1.58 | 14.10 7.78 | 10.30¢1.61 | 14.30 7.78 0.86
Depth of the articular fossa 3.52+0.82 5.63 2.21 3.54+0.80 5.63 2.31 0.93
Length of the radial tuberosity 25.16%2.49 30.80 21.20 25.16%2.49 30.90 21.30 1.00
Width of the radial tuberosity 14.47%£2.91 21.20 9.40 14.45%2.92 21.10 9.30 0.98

The p-values indicate no statistically significant differences between the computed tomography and computer modeling

groups (p>0.05).
Table 2
Morphometric parameters of the radius in women, mm
Computed tomography Computer modeling
Parameter p
M=SD max min M=SD max min

Diameter of the radial head in the 21.62%1.46 25.10 18.40 21.68%1.43 25.2 18.30 0.99
frontal plane

Diameter of the radial head in the 21.92%1.38 25.10 18.60 21.96%1.40 25.2 18.40 0.95
sagittal plane

Height of the radial head in F1 9.46*1.71 15.00 6.37 9.59+1.63 15.00 6.38 0.99
the frontal plane F2 8.04%1.16 9.65 5.71 8.05%1.11 9.75 5.81 0.99
Height of the radial head in S1 7.85+1.06 11.00 5.93 8.03%1.18 11.00 5.95 0.87
the sagittal plane S2 8.41¢¥1.23 | 11.00 5.77 8.26+1.27 | 11.00 5.67 0.82
Depth of the articular fossa 2.84%0.45 4.06 2.03 2.90+0.45 4.06 2.13 0.89
Length of the radial tuberosity 23.26%3.86 31.30 15.4 23.03%3.72 31.20 15.30 0.99
Width of the radial tuberosity 11.97%£1.93 15.70 8.3 12.13%1.89 15.80 8.20 0.64

The p-values indicate no statistically significant differences between the computed tomography and computer modeling

groups (p>0.05).
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Table 3
Confidence interval of the difference in mean values between men and women
Confidence interval of the difference in mean values
Parameter
Computed tomography Computer modeling
Diameter of the radial head in the frontal plane [4.41; 5.87] [0.57; 3.69]
Diameter of the radial head in the sagittal [3.77; 5.11] [1.16; 3.48]
plane
Height of the radial head in the F1 [1.33; 3.13] [3.81; 5.15]
frontal plane F2 [1.32;2.78] [4.35; 5.85]
Height of the radial head in the S1 [0.95; 2.19] [1.29; 3.11]
sagittal plane S2 [1.26; 2.68] [1.27; 2.73]
Depth of the articular fossa [0.36; 0.98] [0.92;2.18]
Length of the radial tuberosity [0.56; 3.68] [1.42; 2.68]
Width of the radial tuberosity [1.70; 3.02] [0.01; 1.27]

With a 95% probability, the true difference in
means for all parameters between the male and
female groups falls within an interval that does
not include 0, indicating a statistically significant
difference between the mean values.

Thus, the morphometry of the radial head
on CT demonstrated statistically significant
gender differences in the studied parameters.
The morphometric parameters in men were
1.1-1.3 times larger than in women. The
numerical values measured on patient CT scans
using the RadiAnt DICOM Viewer software were
almost identical to those of the computer model
created using the new software product.

DISCUSSION

B. Pasli et al. studied the dimensions of
the head, neck, and tuberosity of 80 radii.
Parameters important for prosthesis design
were analyzed, and their correlations were
examined. The authors found that the shape
of the radial head was oval in 36% of cases
and round in 64%. According to the authors,
the average height of the radial head from the
anterior, posterior, medial, and lateral sides was
8.52%+1.32 mm, 9.02%1.23 mm, 9.20£1.59 mm, and
8.05+1.13 mm, respectively. The average depth
of the articular fossa was 1.85*0.37 mm [16].
These data differ from the results obtained
in our study. In our research, these parameters
in men were 11.75%2.04 mm, 10.04+1.88 mm,
9.56%*1.33 mm, and 10.23%1.58 mm, while in

women, they were 9.46+1.71 mm, 8.04+1.16 mm,
7.85+%1.06 mm, and 8.41%1.23 mm, respectively.
The difference in results is likely due to the fact
that the study was conducted without considering
gender differences. The authors did not identify
a high degree of correlation between the studied
parameters influencing prosthesis design.
In their opinion, the frequency of complications
after radial head arthroplasty depends on age-
related osteoporosis, which is often caused by
a mismatch between the prosthesis size and the
true radial head dimensions [16].

E.A. Lalone et al. studied CT scans of 50 upper
extremities from cadavers (34 men and 16 women)
and compared their morphometric parameters
with available radial head prostheses. The general
design of three different types of prostheses was
quantitatively compared with the radial head. The
authors noted a discrepancy between the radial
head dimensions on CT images and the parameters
of existing commercially available implants,
averaging (0.4+0.2)-(0.5+0.1) mm. They concluded
that the mismatch between the radial head and
implant surfaces could be reduced through reverse
engineering methods to determine the required
parameters for individualized prosthetics [17].
In our study, we compared the parameters
obtained from CT morphometry with the
numerical values of the radial head modeled
using the developed software method. Statistical
analysis of the results confirmed the equivalence
of the compared parameters.
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The computer modeling method has several
drawbacks. Firstly, the process of creating
and exporting the radial bone model must be
supervised by a physician to ensure that the
bone is fragmented without surrounding tissues.
Secondly, time is required for the formation and
correction of the model (approximately 1 hour).
Thirdly, this method requires specific skills in
using the equipment and software.

The advantage of this method lies in the fact
that, in addition to providing a list of osteometric
parameters and their values, the result of the
study is the creation of a computer model of
the radius, which is not possible when using the
standard software of a CT scanner.

In the future, the developed method could
facilitate the selection of a prosthesis from
existing ready-made implants for patients
with elbow joint pathology, based on computer
morphometry and modeling of the contralateral
radius. The computer model of the proximal
radius could also serve as the foundation for
the personalized fabrication of a radial head
prosthesis.

CONCLUSION

The comparison of the morphometric parameters
of the radial head obtained using the developed
computer modeling program with those derived
from standard CT showed their equivalence,
as confirmed by the statistical analysis of
the compared parameters. The advantage of
the computer modeling method is the rapid
creation of a 3D bone model with minimal errors.
Moreover, the further development of this
computer-based approach can allow for the
modeling of the radial head prosthesis based
on the measurements acquired from CT scans,
considering the patients’ individual anatomical
characteristics of the radius.
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Abstract

Background. The implantation of an antimicrobial spacer is widely used in the comprehensive treatment
of periprosthetic joint infection (PJI). Most commonly, bone cement is additionally impregnated with
vancomycin, which is active only against Gram-positive bacteria. However, there is a global increase in
Gram-negative bacterial resistance to most antibiotics, necessitating the development of new approaches to
overcome this resistance, including in the context of local antibacterial therapy.

The aim of the study was to determine the duration of antimicrobial activity and the mechanical properties
of gentamicin-containing bone cement samples additionally impregnated with the combinations of highly
dispersed silver (HD-Ag) and various antibiotics.

Methods. Control samples were prepared using the commercial polymethylmethacrylate-based bone cement DePuy
CMW 3 Gentamicin (DePuy Synthes), which contains 4.22% gentamicin. Additionally, six experimental samples
with different combinations of antimicrobial agents were prepared and tested. Antimicrobial activity (AMA)
was assessed against S.aureus (MSSA, MRSA), K. pneumoniae, and P.aeruginosa. The mechanical properties of
the most effective samples were evaluated in comparison with the control samples. Statistical analysis was
performed using the Past 4 software system.

Results. The control samples of commercial bone cement demonstrated the shortest duration of activity
against MSSA (7 days) and showed no activity against MRSA or Gram-negative bacteria. The addition of
10 wt% fosfomycin and HD-Ag to the bone cement (BC 1) tripled the AMA duration against MSSA,
K. pneumoniae, and P. aeruginosa.The addition of 5 wt% vancomycin to BC 1 (BC 2) extended the AMA duration
against Gram-negative bacteria to 14-16 days and against Staphylococcus spp. to 4 weeks. The highest activity
against Gram-negative bacteria was observed in samples containing HD-Ag and 10 wt% aztreonam (BC 5 and
BC 6), whose mechanical properties did not significantly differ from the control samples.

Conclusion. Combinations containing HD-Ag, vancomycin, fosfomycin, and aztreonam demonstrated prolonged
antimicrobial activity. This may improve the effectiveness of the debridement stage in two-stage revision
arthroplasty for hip periprosthetic joint infection, making these combinations promising for clinical application.

Keywords: periprosthetic joint infection, antimicrobial spacer, highly dispersed silver, bone cement
impregnation.
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JKcnepuMeHTanbHoe 060CHOBaHME KOMOUHaLMI1 aHTUMUKPOOHbIX
npenapaToB A1 UMNPErHauun KOCTHOro LieMeHTa
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uccnedosamensckozo yenmpa “Kypuamosckuii uncmumym” — HUHCImumym 8s.COKOMOJIEKYIAPHBIX COeOUHEHULT»,
2. Canxm-Ilemep6ype, Poccus

Pedepar

Beedenue. IMIIIaHTaLVsI aHTMMUKPOOHOTO criejicepa IMPOKO IIPUMEHSIETCS B KOMILIEKCHOM JIeUeHUM TIepu-
npote3Hoi1 uHbekiuu (II11). Yamre Bcero KOCTHBINM [IEMEHT TOMTOTHUTEIBHO MMIIPETHUPYIOT BAHKOMUIIMHOM,
KOTOPBII aKTUBEH TOJbKO B OTHOLIEHUM T'PaMIIONIOKUTENbHBIX OakTepuii. OMHAKO BO BCEM MUPE OTMEUaeTCs
POCT PE3UCTEHTHOCTM IPAMOTPUIIATETBHBIX 6aKTEPHIi K GOBIIMHCTBY aHTUOMOTUKOB, UTO TpebyeT pa3paboT-
K HOBBIX MOJXOA0B JIJIsi TIPEOJ0IeHNsT 3TOi YCTOMYMBOCTH, B TOM UMC/Ie B Cydyae MMpUMeHeHUs JTOKaJIbHOM
aHTUOaKTePUAIbHO Teparnumu.

Llenw uccnedosanus — onpeneuTb IJIUTETbHOCTh aHTUMUKPOOHO aKTMBHOCTY ¥ ITPOYHOCTHBIE CBOVICTBA 00-
Pa3I[OB reHTaMULIMH-COePyKalero KOCTHOTO IIeMEHTA, JOTIOTHUTEIbHO MMITPETHUPOBAHHBIX KOMOMHAIIMSIMMU
BBICOKOMCITEPCHOTO cepebpa (BI-Ag) ¢ pasaMyHbIMY aHTUOMOTUKAMINA.

Mamepuan u memodst. KOHTpOIbHbIE 06PA3IIbI OBLIY M3TOTOBJIEHBI 3 KOMMEPUYECKOTO KOCTHOTO IleMeHTa Ha
ocHoBe nonuMeTuaMetakpuiaata DePuy CMW 3 Gentamicin (DePuy Synthes), comepskariero 4,22% reHTamu-
1yHa. JJOTOTHUTENbHO ObUIM M3TOTOBJIEHBI U MTPOTECTUPOBAHBI 6 OIBITHBIX 06Pa3Il0OB C J0OaBIeHMEM Pa3HBIX
KOMOMHAIMII aHTUO6AKTepUATbHBIX ITPENapaToB. AHTUMMMUKPOOHYIO aKTMBHOCTh (AMA) olieHMBa/IM B OTHOIIIE-
uuu S. aureus (MSSA, MRSA), K. pneumoniae v P. aeruginosa. [IpouHOCTHBIE CBOVICTBA Haubosee 3(pheKTUBHBIX
006pasIioB OIEHNBAIYM B CPABHEHUM C KOHTPOIbHBIMM 00pasiiamu. CTaTUCTUUECKNIT aHAIU3 TTPOBOIVIIN CPeI-
CTBaMM IIPOrpaMMHOJ cucTeMbl Past 4.

Pe3ynvmamet. KOHTpobHbIE 00pasibl U3 OGUIIMHAILHOTO KOCTHOTO IIEMEHTa MPOJEMOHCTPUPOBAIM HaM-
MEHBINYI0 MPOIODKUTENbHOCTh aKTUBHOCTU B OTHOIIeHUN MSSA (7 nHelt) 1 He MPOSIBJISIIA aKTUBHOCTD B OT-
HomeHuy MRSA 1 rpaMmoTpuIlaTenbHbIX 6akTepuii. lobasiaenne 10 macc.% dochommuiina 1 BJI-Ag B KOCTHBIA
nemeHT (KL 1) yBesimunio npoao/kuTenbHOCTb AMA B oTHolieHuu MSSA, K. pneumoniae u P.aeruginosa B Tpu
pasa. [lo6asaenue K KII1 5 macc.% Baukomuiiysa (K11 2) mpoanio AMA 06pa3iioB B OTHOILIEHUY IPaMOTpUIia-
TeJIbHbIX OaKTepuii 1o 14—16 cyT., cTadMIOKOKKOB — 110 4 Hep. HanbosbIIei akKTMBHOCTHIO B OTHOIIEHUY IPaM-
OTpUIIATeTbHBIX 6aKkTepuit obmaganu o6pasiisl ¢ BI-Ag 1 10 macc.% astpeonama (KL 5 n KII 6), TpOYHOCTHbBIE
XapaKTEePUCTUKY KOTOPBIX 3HAUMMO He OTIIMYAINCh OT KOHTPOIbHBIX 00Pa3IioB.

3axnouenue. KombuHatum, cogepskariye BI-Ag, BaHKOMUIVH, GOCHOMUIIMH M a3TpeoHaM, ITOKa3aIu AJIN-
TeTbHYI0 aHTUMUKPOOHYIO aKTUBHOCTb. DTO MOXKET YIYUIINTh Pe3yIbTaThl CAHMPYIOIIEro Talla JBYXITalTHOTO
JleueHs TePUIIPOTE3HOM MHGPERIMYM Ta300eJPEHHOTO CYCTaBa, YTO JeaeT UX MePCIeKTUBHBIMY )i KIMHN-
YeCcKOTo IMpuMeHeHMS.

KiroueBbie jioBa: repuiipotesHas MHGEKLNs, aHTUMUKPOGHBIi cIieiicep, BbICOKOAMCIIEPCHOE cepedpo, M-
MperHanysi KOCTHOTO IIeMEHTa.

IOns qutupoBanus: boxkkosa C.A., l'amkumaromenos M.I., Topauua E.M., Autumnos A.Il., Baranos I'.B., IOnuu B.A.
JKCrepuMMeHTaabHOE 060CHOBaHNE KOMOMHAIMI aHTYMUKPOOHBIX ITPEIAapaToB ISl UMITpErHaluy KOCTHOTO IIEMEHTa.
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DL I'adxcumazomedos Mazomed lamunvesuy; e-mail: orthopedist8805@yandex.ru
Pykomnuch omydena: 23.01.2025. Pykomvch ogo6pena: 18.02.2025. CtaThs onybnKkoBaHa oHmaifH: 24.02.2025.

© Boxkkosa C.A., Tamxkumaromenos M.IIL., Topnmua E.M., Autumnos A.I1., Baranos I.B., I0nuHu B.A., 2025

77 2025;31(1) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

THEORETICAL AND EXPERIMENTAL STUDIES

INTRODUCTION

Periprosthetic joint infection (PJI) remains
one of the most relevant and difficult-to-treat
complications of arthroplasty. According to the
literature, the risk of developing PJ]I reaches
up to 2% after primary arthroplasty, despite
advancements in surgical techniques and the use
of various treatment methods [1, 2, 3].

Two-stage revision arthroplasty is the
treatment of choice for most patients with
chronic hip PJI [4]. The main advantage of this
method is the implantation of an antimicrobial
spacer impregnated with various antibacterial
agents, creating a local antibiotic depot during
the first stage of treatment. The antimicrobial
spacer is made by mixing antimicrobial agents
with polymethylmethacrylate (PMMA)-based
bone cement, including pre-impregnated with
gentamicin[5,6,7].The most common pathogens
of PJI are Gram-positive bacteria, particularly
Staphylococcus aureus and Staphylococcus
epidermidis [8]. PJI caused by Gram-negative
pathogens is considered the most challenging
to treat [9, 10]. The primary reason for this
is the high resistance of these pathogens to
antimicrobial agents [11]. The antimicrobial
activity of commercial gentamicin-containing
bone cement (BC) without additional antibiotic
impregnation lasts only for the first 24 hours,
making it essentially ineffective against Gram-
negative bacteria [12, 13]. Vancomycin is the
most commonly used antibiotic added to BC for
the preparation of antimicrobial spacers [14].
However, this antibiotic has a narrow spectrum
of action and is effective only against Gram-
positive pathogens. Approximately in 10-17%
of cases [4, 15], when Gram-negative bacteria
are involved in the etiology of PJI, local therapy
is ineffective. It is important to note that in
recent years, there has been a global increase
in the resistance of Gram-negative bacteria to
most antibiotics, necessitating the development
of new strategies to overcome this resistance,
including in the context of local antibacterial
therapy [16].

The problem of the short duration of
antimicrobial activity in bone cement spacers,
despite additional antibiotic impregnation, is
widely discussed in scientific literature. It is
known that the elution of antibiotics added to
the spacer into the infection site at effective

concentrations lasts no more than three days
after implantation [17]. However, R. Galvez-
Lopez et al. reported prolonged antimicrobial
activity of bone cement for up to 30 days when
impregnated with a combination of gentamicin,
vancomycin, and moxifloxacin [18]. The same
study also found a reduction in the elution of
meropenem and ertapenem as early as the fourth
day, despite their high antimicrobial activity
against Gram-negative microorganisms.

The study by R. Krassnig et al. demonstrated
that the addition of silver ions to bone cement
without additional antibiotic impregnation
maintained antimicrobial activity for up to
9 weeks [19]. Additionally, in our previous in
vitro study, we found that incorporating highly
dispersed silver (HD-Ag) into bone cement during
the formation of a vancomycin-containing spacer
significantly prolonged its antimicrobial activity
(up to 34 days). This effectively prevented the
formation of microbial biofilms on the surface
of the spacer throughout the entire antibiotic
release period [20]. These findings suggest that
HD-Ag, in combination with agents active against
a broad spectrum of pathogens, may further
extend the duration of antimicrobial activity in
bone cement samples. This hypothesis defined
the aim of our study.

The aim of the study was to determine the
duration of antimicrobial activity and the
mechanical properties of gentamicin-containing
bone cement samples additionally impregnated
with the combinations of highly dispersed silver
(HD-Ag) and various antibiotics.

METHODS

Sample preparation. The samples were prepared
using commercial PMMA-based bone cement,
DePuyCMW 3 Gentamicin (DePuy Synthes),which
contains 4.22% gentamicin. The samples were
obtained by mixing 40 g of the dry substance with
various combinations of antimicrobial agents,
including vancomycin (Kraspharma, Russia),
aztreonam (Ruzpharma, Russia), poviargol
(Tekhnolog, Russia), meropenem (Kraspharma,
Russia), and fosfomycin (Kraspharma, Russia).
A total of seven different antimicrobial
formulations were included in the experiment
(Table 1). The resulting dry mixture was
combined with the required amount of
methylmethacrylate and molded into samples.
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Table 1
Bone cement formulations

Cgﬁ?;i?ﬁg%& Vancomycin Fosfomycin Meropenem Aztreonam HD-Ag
B +
BC1 + 10 wt% 10 wt%
BC2 + 10 wt% 2.5 wt% 10 wt%
BC3 + 5wt% 5 wt% 10 wt%
BC4 + 10 wt% 10 wt%
BC5 + 10 wt% 10 wt%
BC6 + 5wt% 10 wt% 10 wt%

wt% — percentage by weight.

Assessment of antimicrobial activity. To
determine the duration of antimicrobial activity
(AMA) against the reference strains of Gram-
positive and Gram-negative bacteria, standard
beads with a 9 mm diameter and 0.4 g weight
were prepared. The assessment of AMA duration
for the tested samples was conducted following
the methodology used in our previous study [21].

Assessment of mechanical strength. The
mechanical strength of the bone cement was
evaluated at the branch of the Petersburg Nuclear
Physics Institute named by B.P. Konstantinov of
National Research Centre “Kurchatov Institute”
- Institute of High-Molecular Compounds.
According to GOST ISO 5833-2011, the cement’s
ability to withstand loads and external forces was
assessed using the following parameters: tensile
strength, bending strength, and compression
strength, measured in megapascals (MPa) [22].

Test samples for tensile, compression, and
bending strength assessments were prepared
using metal molds coated with a thin layer of
anti-adhesive lubricant based on silicone resin to
prevent the adhesion of the polymerized material
to the mold. After that the specimens were
extracted and cut according to the respective test
method:

- bending strength testing — samples with a
working section of 30 mm, approximately 5 mm
in width and 3 mm in thickness;

- tensile strength testing - dumb-bell
specimens with a working section of 25 mm,
approximately 4 mm in width and 2 mm
in thickness;

— compression strength testing — cylindrical
samples with an approximate working height of
10 mm and approximate diameter of 8.5 mm.

The study of the deformation and strength
properties of the prepared samples under tensile,
bending (using three-point bending clamps),
and compression (using compression clamps)
loads was conducted at room temperature using
a 1958U-10-1 universal testing machine (Russia).

Statistical analysis

The registration, systematization of initial data,
and visualization of the obtained results were
performed in Microsoft Office Excel spreadsheets.
Statistical analysis was conducted using the
Past 4 software system. Normality of distribution
of quantitative variables was tested using
graphical method and showed that the results
obtained in determining the strength of the
samples corresponded to a normal distribution.
For the description of a variable, the mean value
and 95% confidence interval (95% CI) were used.
Comparison of quantitative variables between
groups of samples was performed using the
Student’s t-test. The differences were considered
statistically significant at p<0.05.

RESULTS

The study of AMA in bone cement samples
revealed that the control samples of commercial
gentamicin-containing bone cement exhibited
the shortest AMA duration against MSSA (7 days)
and no activity against MRSA. The addition of
10 wt% fosfomycin and HD-Ag (BC 1) increased
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AMA  duration threefold against MSSA,
K. pneumoniae, and P. aeruginosa. However, the
effect on MRSA was minimal, lasting only 2 days.
Subsequent addition of 5 wt% vancomycin to
this composition (BC 2) extended AMA duration
against Gram-negative bacteria to 14-16 days and
against both Staphylococcus strains to 4 weeks.

In an attempt to develop a combination
with enhanced activity against Gram-negative
pathogens, meropenem was added to the HD-Ag-
containing bone cement. However, the resulting
samples (BC 3 with 5 wt% meropenem and BC 4
with 10 wt% meropenem) did not exhibit a longer
AMA duration compared to BC 2. Doubling the
meropenem dose from 5 wt% (BC 3) to 10 wt%
(BC 4) also failed to significantly extend AMA
against Staphylococcus spp. or P. aeruginosa,
though the duration of activity against
K. pneumoniae increased from 15 to 25 days.

Bone cement samples containing HD-Ag and
10 wt% aztreonam (BC 5 and BC 6) maintained
activity against K. pneumoniae for over 280 days,
while their activity against P. aeruginosa persisted
for 2 weeks. It was concluded that the addition of
5 wt% vancomycin (BC 6) prolonged the activity
against Staphylococcus spp. to 10 days, whereas
BC 5 inhibited MSSA growth for only 7 days and
had no effect on MRSA.

IEE— T

20

BC2
=

9

15

Thus, the most effective antibiotic combina-
tions for the impregnation of HD-Ag-containing
bone cement were: 1) vancomycin (10 wt%) +
fosfomycin (2.5 wt%), which provided 4 weeks of
activity against Staphylococcus spp. and 2 weeks
against Gram-negative pathogens; 2) vancomycin
(5 wt%) + aztreonam (10 wt%), which exhibited
activity against K. pneumoniae for over 280 days,
P. aeruginosa for 2 weeks, and Staphylococcus spp.
for 10 days. These combinations were selected for
further mechanical strength testing (Figure 1).

The evaluation of stress-strain properties
demonstrated that the ultimate mechanical
strength of bone cement samples decreased with
additional antibiotic impregnation, regardless of
the type or amount of antimicrobial agent used
(Figure 2). During tests, there were no statistically
significant differences (p>0.05) in compression
or bending strength between any of the tested
samples, including the control gentamicin-
containing commercial cement. However, tensile
strength testing revealed a significant reduction
in mechanical properties for BC 5 and BC 6, which
were additionally impregnated with antimicrobial
combinations. Compared to the control samples,
the tensile strength of BC 5 decreased by 45.8%
(p<0.005), while of BC 6 by 53.3% (p<0.005).

B P.oeruginosa ATCC 27853

B K. pnevmonioe ATCC 33455

B 5.owreus
ATCC 43300
MESA

B 5.aureus
ATCC 29213

e B T —
BC5 289

e
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1 F ] 4 g 16

32 64

128 L1
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Figure 1. Duration of antimicrobial activity of bone cement samples against reference bacterial strains
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Figure 2. Mechanical properties of bone cement
samples

DISCUSSION

It is known that the additional impregnation
of bone cement with various antibacterial
agents not only determines the duration
of antimicrobial activity but also affects its
mechanical properties [22, 23]. The addition
of two or more antibacterial agents during the
mixing of bone cement broadens the spectrum
of activity of the antimicrobial spacer and can
also result in prolonged drug release [24]. During
the debridement stage of the two-stage treatment
of PJI, the most commonly used spacer is based
on gentamicin-containing cement with the
addition of vancomycin [25]. Despite its broad
spectrum of activity, gentamicin is less effective
against MRSA and Gram-negative bacteria [26].
These facts were confirmed in our study, where
the control samples of gentamicin-containing
bone cement exhibited no activity against MRSA
and suppressed the growth of Gram-negative
bacteria for no more than 6 days. Vancomycin
is a narrow-spectrum drug that is effective only
against Gram-positive pathogens. However,
its addition appears to increase the porosity of
bone cement, which promotes greater elution
of antibiotics, including gentamicin, and
consequently, longer activity of BC 1 samples
against the tested strains, as we previously
demonstrated [12]. Additionally, J.R. Brooks
et al. showed that bone cement samples with
the addition of vancomycin and another drug
from the aminoglycoside group, tobramycin,

prevented the formation of P. aeruginosa biofilms
for up to 5 days [27].

The conducted study showed that the
combination of HD-Ag with various antimicrobial
agents can alter the antimicrobial activity of
the samples against different bacteria. It was
found that the most effective combinations
for impregnating BC were HD-Ag combined
with vancomycin (10 wt%) and fosfomycin
(2.5 wt%) (BC 2), as well as with vancomycin
(5 wt%) and aztreonam (10 wt%) (BC 6). BC 2
samples demonstrated greater activity against
staphylococci (4 weeks) and less activity against
Gram-negative pathogens (2 weeks).BC 6 samples
exhibited pronounced, long-lasting antimicrobial
activity against K. pneumoniae (>280 days),
P. aeruginosa (2 weeks), and were slightly less
active against staphylococci (10 days). The
results of our in vitro study on the effectiveness
of aztreonam for bone cement impregnation are
consistent with the findings of P.H. Hsieh et al.,
who analyzed the concentration of aztreonam
in the synovial fluid of 46 patients with PJI
after the installation of an antimicrobial spacer.
The authors demonstrated that the concentration
of aztreonam exceeded the minimum inhibitory
concentration for 100 days or more, following the
implantation of the antimicrobial spacer [28].

In an in vitro study, V. Yuenyongviwat
et al. found that the duration of antimicrobial
activity of bone cement with fosfomycin
against MRSA is no more than 3 days [29]. In
our earlier in vitro study, we demonstrated the
prolonged antimicrobial activity of BC samples
containing 20 wt% fosfomycin against MSSA and
K. pneumoniae (28 and 17 days, respectively)
and only 5 days against MRSA [12]. The
experimental data obtained were confirmed
by the clinical and economic effectiveness of
using fosfomycin compared to vancomycin
for impregnating spacers in the treatment of
polymicrobial PJI [30]. The prolonged (up to
28 days) antimicrobial activity of BC 2 samples
with fosfomycin against MSSA and MRSA,
established in this study, is likely due to its
combination with vancomycin and HD-Ag, which
increases the porosity of the material itself and
ensures the elution of additional antimicrobial
agents. The obtained results confirm the
effectiveness of the selected combinations of
antimicrobial agents, suggesting that they can be
considered as an additional therapeutic option
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in the combined treatment of patients with PJI,
especially in case of polymicrobial infection.

According to GOST ISO 5833-2011, acrylic
cements must meet a number of requirements for
residual deformation and polymerization: bending
strength (at least 50 MPa), bending modulus of
elasticity (at least 1800 MPa), and compression
strength (at least 70 MPa). Comparing the data
obtained from testing the control samples with
the values specified in the standard, it can be
stated that they meet the requirements of the
standard in terms of the average bending strength
- 52.2 MPa (95% CI 47.7-56.7) and compressive
strength — 118.8 MPa (95% CI 108.7-128.9).
The breaking points of samples with additional
antimicrobial agents were slightly lower than the
standard values for bending strength. The bending
strength for BC 5 and BC 6 samples was 46.6 MPa
(95% C143.3-48.9) and 49 MPa (95% CI1 46.8-51.2),
respectively. However, no significant differences
were found between these values and those of the
control samples. Our results are consistent with
the experimental study by A.V. Digtiar et al., who
showed that the inclusion of 20 wt% antibiotic
in bone cement does not significantly reduce its
strength limit below the standard set by GOST,
with a strength of 119.7 MPa (95% CI 112.1-127.3).
However, with the addition of 25 wt% antibiotic,
the breaking point decreases by more than
twofold and does not meet the GOST standards
[31]. Additionally, ].W. Kwong et al. demonstrated
that, despite the prolonged antimicrobial activity,
the addition of 15 wt% vancomycin to bone
cement reduces its stress-strain properties during
compression and bending tests [32].

CONCLUSION

Since antimicrobial spacers are temporary
implants whose primary function is joint cavity
filling and local antibiotic therapy, our findings
support the potential use of gentamicin-
containing bone cement supplemented with
HD-Ag, vancomycin, fosfomycin, or aztreonam for
antimicrobial spacer formation. The prolonged
antimicrobial activity of the investigated com-
binations, without the significant deterioration
of cement mechanical properties, suggests
their effectiveness in treating periprosthetic
joint infections caused by Gram-negative
microorganisms and polymicrobial infections.
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Pedepar

AxkmyansHocmes. [ yBeTUYeHNsI CPOKOB GYHKIIMOHUPOBAHMS MMIUIAHTATOB ¥ METAJUIOKOHCTPYKLIMIA B OpraHM3Me Yeso-
BeKa HeMaJIOBaXXHYI0 POJIb UTPAET COCTOSIHME TTOBEPXHOCTY UMIIJIAHTUPYEMBbIX KOHCTPYKIIMIA.

Llens uccnedoséaHuss — VI3yUUTh BIUSHYE TUTAHOBBIX MMIUIAHTATOB C Kalblyii-HocHaTHBIM MOKPLITUEM, COOEPsKAIIUM
MOHBI IIMHKA U cepebpa, Ha OKpYysKalolMe KOCTHbIe TKAHM B 9KCIIEpUMEHTe.

Mamepuan u memodst. MeTogamMu CBeTOBO MUKPOCKOIIMY U3y4Ya/Ix COCTOSTHME KOCTHBIX TKaHe! ITPOKCUMAIbHOTO OTIea
60mbIre6epiioBoii koctu ([IOBK) KpoinKoB uepes 4 Hell. IOC/Ie MMIUIAHTAlMY KOHYCOBUIHBIX TUTAHOBBIX 3D-MMITJIaHTaTOB
¢ KabLMii-dochaTHBIM MOKPBITHEM, COAEPKANIMM MOHBI IIMHKA WK cepebpa.

Pezynvmamet. Bo Bcex cnydasgx uMiuiaHTupoBaHHbie B [IOBK TuTaHoBble 3D-UMMILIAHTATHI C IEPOXOBATON ITOBEPXHOC-
ThIO TJIOTHO MPWIETajM K KOCTHOJM TKaHU, MMEIOlIeli He3HAUMTebHbIe PyOI[OBble M3MeHEHUsI B KpaeBoil 30He. Yia-
JIeH/e MMIUIAHTATOB ObUIO 3aTPyOHEHO, HA MX MOBEPXHOCTM OCTABAJIOCh MHOKECTBO TKaHEBbIX GparmMeHTOB. B mccie-
JIOBaHHBIX 06pa3Iax KOCTHOM TKaHU MPUCYTCTBOBAJIM MeJIKMe MHOpOLHbIe PparMeHThl. UHOpOOHbBIE (DparMeHThl Kak
B KOMIIAKTHOIJ, TaK 4 B Ty6UaTOI KOCTY OKAa3aJIMCh MEHbIIEe 10 pa3Mepy Mocie MpuMeHeHNsI MOHOB cepebpa 1o cpaB-
HEHUIO C MCIIO0JIb30BAaHMEM MOHOB LIMHKA Ha 84,4% (9,50%4,17 nportus 17,78+7,95 mkm) u 87,2% (11,21%£10,68 mpoTus
20,67+8,08 MKM) coOTBeTCTBeHHO. CpeHUit AuaMeTp TPyII GparMeHTOB U CpefgHee paccTOsIHME MeXIy dparMeHTaMu
TIOKPBITUS WM UX TPYIIaMyM B Ty6UaATO KOCTHOM TKAHM CTATUCTUYECKM 3HAUMMO He pas3inyaiuchb, a B KOMITAKTHO
6puM Ha 59,1% (155,00+35,98 nipotuB 246,67+39,62 Mrm) un 21,2% (253,04+44,87 nporus 308,00+50,85 MKM) Gosbliie
1oc/ie HaHeCeHUs MOKPBITUS C IMHKOM COOTBETCTBEHHO.

3axntoyeHue. TUTAHOBbIE MMIUIAHTATBI C MOZMOUIIMPOBAHHON IOBEPXHOCTHIO MPOJEMOHCTPUPOBANIY CKIOHHOCTD
K OCTeOMHTerpauuy gaske MMpu MOBPeXKIEHUN MOKPBITUS C HOPMUPOBAHMEM MHOPOOHBIX (GPAarMeHTOB, MUTPUPYIOIINX
B OKpYy’Kawliue TKaHN. BO3MO)RHO, U3MEeHEeHMe ITOAXO0O0B K TeXHMKe U peXMMaM HaHeCeHMUs HOKprTI/If/i " BapbupoBa-
HMe UX IO TOJIIVHE MO3BOMUT Peain30BaTh MOJOKUTENbHbIE CBOMCTBA MOAUGUIMPOBAHHON MOBEPXHOCTYU B TIOTHOM
o0beMe, B TOM UKC/Ie TIOJIOKUTEIbHbIE aHTMMUKPOOHBIE CBOJCTBA cepebpa U IMHKA.

KiroueBbie cioBa: BHYTPUKOCTHaA UMIIJIAHTalMs, TUTAHOBbIE MMITJIAHTAThI, cepe6po, IUHK, Ka]'[bLlMﬁ-Cl)OC(baTHOE IMOKPbI-
Tne, CoeaMHuTe/ibHas TKaHb, KOCTHAA TKaHb, MHOPOOHbIE (l)paI‘MEHTI)I, OCTeOMHTerpaums.
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Abstract

Background. The condition of the implant surface plays an important role in extending the service life of implants and metal
structures in the human body.

The aim of the study — to assess the effect of titanium implants with Ag- or Zn-containing calcium phosphate coatings on
the surrounding bone tissue in experimental study.

Methods. Using light microscopy, we studied the condition of bone tissue in the proximal tibia (PT) of rabbits 4 weeks after
the implantation of 3D-printed titanium cone-shaped implants with Ag- or Zn-containing calcium phosphate coating.
Results. In all cases, 3D-printed titanium implants with a rough surface integrated in the PT adhered very tightly to
the bone tissue, the edges of which had minor cicatricial changes. Removal of the implants was difficult, and many
tissue fragments remained on their surface. Small foreign fragments were present in the bone tissue samples examined.
The sizes of foreign fragments were smaller after the use of silver ions, compared to the use of zinc ions, in both compact
and cancellous bone by 84.4% (9.50+4.17 vs 17.78+7.95 um) and 87.2% (11.21£10.68 vs 20.67+8.08 um), respectively.
In cancellous bone, the average diameter of the fragment groups and the average distance between the coating fragments or
their groups were not statistically significantly different. In compact bone, they were 59.1% (155+35.98 vs 246.67£39.62 pm)
and 21.2% (253.04£44.87 vs 308+50.85 um) larger, respectively, after application of the Zn-containing coating.
Conclusions. Surface-modified titanium implants have demonstrated a tendency to osseointegration, even when the
coating is damaged with the formation of foreign fragments migrating into the surrounding tissues. It is possible
that modifying the technique and modes of coating application, as well as varying their thickness, will enable the full
realization of the positive properties of the modified surface, including the beneficial antimicrobial characteristics
of silver and zinc.

Keywords: intraosseous implantation, titanium implants, silver, zinc, calcium phosphate coating, connective tissue, bone
tissue, foreign fragments, osseointegration.
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BBEJIEHUE

Ins yBenuueHUs] CPOKOB (YHKIMOHMUPOBAHUS MUM-
IUIAaHTATOB ¥ META/UIOKOHCTPYKLIMIA B OPTaHU3Me ve-
JIOBEKa HEeMaJ0Ba)KHYI POJIb UrpaeT COCTOSIHUE TI0-
BEPXHOCTU UMILIAaHTUPYEMBIX KOHCTPYKUMIA. [JaHHbIe
MUPOBBIX UCCIIESOBAHMIT O BAUSHUM IIEPOXOBATOCTHU
MMOBEPXHOCTM MMIUIAHTATOB Ha MX OCTEOMHTETPaLINI0
M CTaGMIIBHOCTD MPOTMBOpPEUNMBbI. OIHYM aBTOPBI OT-
MeYaloT 3HAUMUTEJIbHBIN MOIOKUTETbHBIN 3P deKT uc-
KYCCTBEHHO CO3[JaHHBIX HEPOBHOCTEI MOBEPXHOCTH,
JIpyrye He HaXOHST 3HAUUTEIbHbIX Pasanunii MeXIy
1IepOXOBAaTbIMM M TOMMPOBAHHBIMM/TAALKUMU TI0-
BEpPXHOCTSIMM MMILJIAHTATOB [1, 2, 3, 4].

[Ipy MOBBIIIEHMM YPOBHS LIEPOXOBATOCTU IIO-
BEPXHOCTM TUTAHOBBIX MMIUIAHTATOB TUIPOGUIb-
HOCTb YBEIMYMBAETCS, a IOBEPXHOCTHOE HaTSDKeHMe
YMeHbIIIaeTcsl, YTO objervaer agcopobimio 6enka [1].
[IpucyTCcTBME BBICOKOIOPUCTON CTPYKTYPhI CTUMY-
JUpyeT BpacTaHMe BHYTPb MMILJIAHTATOB KOCTHOIA
TKaHU, YBEJIMUMBAET IUIOIaAb HEMOCPeoCTBEHHOTO
KOHTAKTa C KOCTHOM TKaHbIO U CIIOCOOCTBYET yCIIem -
HoVi bukcauuu [3, 4, 5]. N. Tan ¢ coaBTOpamMu oTMe-
Yajiy, YTO yBeJMUeHMe IMIePOXOBATOCTU MMOBEPXHOC-
T MeTa/VINYeCKUX MMIUIAHTAaTOB B 3KCIIepUMEHTe
Ha MMHMIIATax YyAy4yIIaJOo OCTeOMHTEerpauuio uepes
3 mec. OgHako K 6 mMeC. MpOMU30LILJI0 BEIpaBHMBAHME
BCex Mokasaresnell [6]. CxogHOe BbIpaBHUBaHUE pe-
3y/IbTATOB K 6 MeC. [M0C/Ie MMIIaHTalMy TTOIMPOBaH-
HBIX U 1I€POXOBATHIX TUTAHOBBIX BUHTOBBIX U3AENNii
B IPOKCUMMAJIbHBIN OTHOEN 6O0NbIIe6epoBOii KOCTU
(TIOBK), 110 cpaBHEHMIO C JAHHBIMU B 3 Mec., ObLIO
IPOEMOHCTPUPOBAHO HAa KPOIMKax [7].

Martepuasnbl U BelllecTBa, IpMMeHsieMble OJiSI MO-
IuduKaMMU MOBEPXHOCTU MMILIAHTATOB, TTOMMUMO
YIydllleHUsI UX OCTEOMHTerpauuu C KOCTHOM TKa-
HbIO, TAaKKe CIIOCOOHBI yYacTBOBAaThb B IpOGMIIaK-
TUKEe TepuMMIUIaHTHOM uHbexumm [8, 9, 10, 11].
AHTHUbGaKTepMaabHasi aKTMBHOCTb OTMeUYeHa Yy UM-
IUIAHTATOB C TMOKpbITMEM U3 Menu [12] mim 30510Ta
[13]. IHTepec mpencTaBisIlOT UCCIeN0BaHUS C YCTa-

HOBKOJi BpPEMEHHBIX MWHU-TIMHOB C Pa3JINIHBIM
MOKPBITUMEM JJISI YIydlleHUs JIOKAJIbHOM OCTEOMH-
Terpamun, a Takke JIJIs JIOKATbHO AOCTAaBKM JieKap-
CTBEHHBIX CPEJICTB, B TOM YMCJIe AJIS TPOIOHTMPOBAH-
HOJt aHTMOMOTUKROTEpanmu [14].

OTCyTCTBYeT OAHO3HAYHbBI TIOOXOHN K BBIOOPY
MaTepuanga s MU3TOTOBJIEHMS] MMIUIAHTATOB, CITO-
coba 06paboTKy M MomuMdUKALINUM UX TOBEPXHOCTMU.
B cBsI31 € 3TUM HE0OXOA VMBI Ja/IbHEHIINe KINHYec-
Kie ¥ 3KCIIepUMEHTA/IbHbIE MCCIeIOBaHMUS IO BCEM
HaIpaBIeHUSIM OPTOIeINYeCKO MUMIUIaHTOIOTUN.

Lens uccnedosanuss — U3yINTh BIUSTHME TUTAHOBBIX
MMIUIAHTATOB C KaJIbIMii-(ochaTHBIM ITOKPBITUEM,
cozep>KalMM MOHbI IIMHKA MM cepebpa, Ha OKpysKaro-
IIyie KOCTHbIE TKAHY B OKCIIEPVIMEHTE.

MATEPHAJI 1 METO/1bI

Pa6ora ocHOBaHa Ha pe3y/bTaTaXx MOPGhOIOTNUECKO-
ro ndydenusi TkaHer I1OBK, npuneramommux K BHYT-
PUKOCTHBIM MMIUIAHTaTaM KOHYCOBUAHOM (opMbl
C IIepOX0BaTOI MOBEPXHOCTBIO, Uepe3 4 HeM. IOC/e
MMITIAaHTALMY KPOJIMKAM MOPOIbI IMMHIIMIIIA 060€ro
noja Becom 2,9-3,5 xr. ITogo6Hass Mopgenab OJs 9KC-
TIepYMEHTAIbHOI MMIUTaHTAIlMY TTOAPOOHO omycaHa
B pas3JIMYHbBIX paborax [2, 7, 15].

JKMBOTHBIX cofepskaly Ha CTaHIAPTHOI jabopa-
TOPHOJi JueTe TpU eCTeCTBEHHOM OCBellleHUM B BU-
Bapun OI'BYH «MUXB®M» CO PAH. MmmiaHTanuio
TIPOBOIVIIN C COOTIOMEHVEM BCEX MTPABWIT ACEIITUKM U
AHTUCETNITUKY B YCIIOBUSX UMCTOM ONIepallMOHHON IpU
COYeTaHUM 001 ¥ MeCTHO aHeCTe3Nu.

N3rorosjieHe UMIIJIAHTATOB

3D-MMIUIaHTaTBl C LIEPOXOBATOM IOBEPXHOCTHIO
ObLIM M3TOTOBJIEHbI Ha 3D-mpuHTepe EOS-240 (EOS
GmbH, T'epMaHs) METOZOM CeIEKTMBHOTO JIa3ePHOTO
criekanus (puc. 1). Hanecenue kambiinii-dochaTHbIX
ITOKPBITHIT HA 06PA3LIbI MPOBOAUIN METOLOM MUKPO-
JIyTOBOT'O OKCUAMPOBaHMS Ha ycTaHOBKe MicroArc-3.0
(®I'BYH «M®IIM» CO PAH, r. ToMCK) C MMITyJIbCHBIM
VCTOYHUKOM TMUTAHUSI B aHOJHOM IOTEHLIMOCTATU-

Puc. 1. BHenramit Bu v rabapuTHbIE pa3Mephl
TUTAHOBOTO KOHYCOBUAHOrO 3D-uMIiaHTaTa

Figure 1. Appearance and overall dimensions
of a 3D-printed titanium cone-shaped implant
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yeckoM peskume. [Ij1s1 opMupoBaHus Ag-comepsRaiiyx
KajabUuii-hochaTHbIX  MMOKPBITUI  MCIIONIb30BaIU
menouHoi snexkrpoaut (pH = 10-11), KoTopsIi CO-
nepxan: Na,HPO, (30-40 r/m), NaOH (3-5 r/m),
B-Tpukansumiipocdar (B-Ca,(PO,),) B Bume mopoui-
Ka ¢ pasmepamu vactul 1,5-5,0 mxm (60-90 r/m),
AgNO; (0,3-1,0 r/m). [lnst HaHeCeHMst ZNn-Cofiepskamx
KaabUuit-GochaTHbIX TMOKPBITUIA TPUMEHSIIM KUC-
nbiii anmektponut (pH = 1,2-1,5), KOTOpPBII BKIOYAT
30% pacrsop H,PO,, HaHOKpMCTaIMYECKMii Zn-
copepKauuii TMAPOKCUANaTUT Cag,SZnO’S(PO4)6(OH)2
(40-60 r/m), xapbonat Kampuust CaCO, (50-75 r/m)
[16]. TommyHa M I1IEPOXOBATOCTH IO MapameTrpy R,
Ag-comepsKalMx IOKPBITMUIA BapbupoOBajaach B Iua-
na3oHe 40-45 MkM 1 3,2-3,8 MKM COOTBETCTBEHHO,
a s Zn-comepskaliMx ITOKPBITMIA — B OMara30OHe
56-60 MKM u 3,5-4,6 MKM COOTBETCTBEHHO.
FabapuTHblE pa3sMepbl WMMIUIAHTATOB COCTaBUJIN
7,20 mm Ha 2,98-3,74 mm. iMmiaHTaThl II0C/Ie CTe-
pummsanum stvneHokeumom (T'OCT ISO 11135-2017)
B COOTBETCTBUM C «TpeboBaHMEM K pa3paboTKe, Ban-
Jaluy U TeKylleMy yIIpaBJeHUI0 MPOIeCcCOM CTePU-
IM3auuyU MEeOVULIVMHCKUX U3JeNnii» UCCIeOBaHbl Ha
CTEPWILHOCTb. BaKTepMoaormuyeckmii KOHTPOJIb Oaj
OTpHULIATeIbHbIN pe3yabTar.

BHYTpMKOCTHaH MMIUVIaHTauus

Xupypruueckoe BMeIIATebCTBO MPOBOAM-
JM B YCIOBUSIX KOMOWHMPOBAHHOW WHBEKIIVOH-
HOJ aHecTe3UM KOMIUIEKCOM KCUIa3ui — 307eTui
(0,3 mr/kr — 10 MI/Kr COOTBETCTBEHHO) 10 HACTYILIE-
HMSI HEOOXOOMMOTO YPOBHSI Cealluy M aHaTbTe3uu.
JKMBOTHOe 1of, cemalnyeii yKIaablBau B MOJIOKEHNE
Ha OpIoIIKe, 3aJHYe KOHEUHOCTH ObUIM CJIerKa COTHY-
ThI B KOJIEHHBIX CyCTaBax. B 06acTy mpeaonaraemoii
onepauyy Mo BepXHei TPETU roieHM BOIOCSIHOM I10-
KpPOB ObUT yAalIeH TPUMMEPOM.

OmnepaliioHHOe TI0Jie OTTPaHUUMUBAIIU CTEPUIIb-
HOJI TIPOCTBIHEN M 0O6pabaThIBa/IM PACTBOPOM aHTU-
cerrtuka. CKaJjbIleJIeM BBINOIHSUIM JTYrooOpasHblIii

IOCTYI TIO TlepeJHeHapysKHO ITOBEPXHOCTU TOje-
HM TI0 Kpalo U Xomy m. tibialis anterior, m. extensor
digitorum longus; mpuaexaniye K Heii IpyTrue pasru-
6artenu oTBogMIM Kproukamyu dapabeda 1 paHopac-
mputensamu. C 1enbio KymypoBaHMUS BO3MOKHOTO
BO30YKIeHMS 60JIEBBIX PELEeITOPOB TOMOJTHUTEIbHO
UCII0/Ib30BaIM MeCTHYH aHecte3uw 0,2% pacTBo-
poMm jmpokamHa. MecTHast aHeCTe3us BBITIONHSIACh
MOCIOHO. MBINIIBI pacceKkany CKajlibIieemM U OTBO-
oy tyridepom. Ha HM3KMX 060poTax C oxmaxkme-
HMEM CTEePWIbHBIM (PU3MONIOrMYECKM pPacTBOPOM
Mpy IIOMOIIM CTOMAaToJaornyeckoro 6opa B ITOBK
BBICBEPIMBAIM CTAHJAPTU30BAaHHOE OTBEPCTHE AMa-
MeTpoM 3,5 MM Ha ry6uny 7 mm. [Tom maBieHueM
paHy MPOMBIBAIM (U3UOIOTUUECKMM PACTBOPOM,
oCyIIayiM TaMIIOHOM. [lajiee COCYAMCTBIM 3aKMMOM
10 OCM 3aCBEPIMBAHMS YCTAHABIMBAIM MMIUIAHTAT.
BbInoHSIIN TyajieT paHbl, IOCI0MHO 6e3 HaTSKeHUSI
VIIMBAAM TKAHM, IIBbI o6pabareiBaiu 5% coupro-
BBIM PaCTBOPOM iiofa. B mocieonepanuOHHOM Ie€pu-
one Oblia IMPOBeJeHAa aHTUOMOTUKOIPOPUIAKTUKA
uedanocnopmHamu nepporo nokoneuus (Iledasonnu
5-10 mr/Kr).

BeirosiHeHO 3 cepum sKcmepumeHTa: 1-g cepus
(4 xponuka, 8 uMIIaHTaLMit) — 3D-MMIUIAaHTAThI U3
TuTaHa (6e3 MoauduUKALMM MOBEPXHOCTH); 2- Ce-
pus (3 KposiuKa, 6 MMIUIaHTalui) — 3D-MMILIaHTaThI
C Kanbumit-dochaTHbIM TOKPHITUEM, COAEPKALIUM
cepebpo; 3-s1 cepus (3 Kpoauka, 6 UMILIAHTALUIT) —
3D-MMILIAaHTAThl C KaJabIuii-hocdaTHBIM HMOKPITU-
€M, CofiepsKaIyM IIMHK. XUPyprudyeckoe BMeNIaTe/ b-
CTBO OBLJIO BBINIOJIHEHO CHAayaja Ha IpaBoii 3amHeit
KOHEYHOCTH, 3aTeM — Ha JieBoil. CpoK HabIomeHnust
3a SKUBOTHBIMM COCTaBWI 4 Hef,.

VMriaHTHpyeMble MU3OeMusl IJIS OJHOTO UM TOTO
K€ SKMBOTHOTO ObUIM WAEHTUYHBI. KOHTPOIBHBIM
PEHTTeHOMIOTMYECKUM MCCIeNoBaHMEM uepe3 3 Hep.
rowie omnepauuy Ha ycraHoBke Toshiba X-ray tube
stand (DS-TA-5A) 6buta MMOATBEPKIEHA IPaBWIbHAS
ycraHoBKa uMmiuianTaToB B [IOBK (puc. 2).

Puc. 2 (a, b). PeHTreHOrpaMMmbI IMPOKCUMATbHOTO OT/Iea
6eIpeHHOI KOCTY KPOIMKOB uepes 4 HeJl. Toc/Ie MMILIaHTAlVN
3D-MMIIaHTATOB:

a,b — TuraH 6e3 MogVGUKAIUU IOBEPXHOCTH;

Figure 2 (a, b). X-rays of the proximal tibia of rabbits 4 weeks

after integration of 3D-printed implants:
a, b — titanium without surface modification;
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Puc. 2 (c, d, e, f). PeuTreHorpaMmbl ITPOKCMMAIbHOTO OTHe/Ia 6eIpeHHO0 KOCTM KPOJIMKOB uepes 4 Hefl.

rnocjie UMIUIaHTaIuM 3D-MMIIJIaHTaTOB:

¢, d — TuTaH ¢ MogudMKaIMeii TOBEePXHOCTY Ag-COIePKaIIM Kalbliyii-hochaTHBIM MOKPHITHUEM
e, f — Tutan ¢ MmoguduKaleit MOBepXHOCTH ZNn-comepsKalluM Kaabluii-pochaTHbIM MOKPHITUEM;

a, ¢, e — jieBast KOHeUYHoCTh; b, d, f — mpaBast KOHEUYHOCTh

Figure 2 (c, d, e, f). X-rays of the proximal tibia of rabbits 4 weeks after integration of 3D-printed implants:
¢, d — titanium with surface modification via Ag-containing calcium phosphate coating;
e, f — titanium with surface modification via Zn-containing calcium phosphate coating;

a, ¢, e — left limb; b, d, f — right limb

Mopdonornueckye MeTObI UCCIEI0OBAHS

JKMBOTHBIX BBIBOOMJIM U3 KCIIEPUMEHTA yepes 4 Hef,.
ocJie ornepauuy AUCIOKalMein melHbIX IT03BOHKOB.
[Tocie MakCUMMAaIbHO OEPEKHOTO YOATeHUS MSITKUX
TKaHeJ C TOBePXHOCTU rOJIeHM UX L[eTMKOM PUKCUPO-
Basin B 4% pacTBope napadopmanbaeruaa Ha 6mgoc-
datHom 6ydepe (pH = 7,4) B Teuenne 7 nueit. [Tocne
yoanenns: GUKCMPOBAHHBIX MSATKMX TKaHei u3 [TOBK
YOI UMIIJIAHTATBI M BBIIIMJIMBAJIN (bpaI‘MEHT TKa-
HM C KOCTHBIM Jle(peKTOM OT YAQJIEHHOTO W3[eNus,
KOTOpBIi TOABEprajiM AeKaldbLUMHALMKU PacTBOPOM
Biodec R (Bio Optica Milano, Urtanus). Cnenyomyum
atarnom ¢parmeHTsl [IOBK 06e3BOXMBaIM B pEAKTHU-
Be «M3ompemn» (buoButpym, Poccust), pocCBeTIsIN
B KCWJIOJe M 3akawuanu B rucroract. Cpessl TOM-
HIMHON 5-7 MKM, mpoxonsiiue yepe3 medeKkT KOCTU
Moc/ie yaajieHHOro MMIUIaHTaTa, OKpallMBaau reMa-
TOKCWIMHOM U 303MHOM, U3y4asy C IOMOILbIO CBETO-
Boro Mukpockormna Axio Imager M1 (Zeiss, Tepmanus)
npu yeenuyenun 1o 1200 pas. [JOMOTHUTENBHO I10-
BEPXHOCTb M3BJIeUeHHbIX 13 puKrcupoBaHHbIx [TOBK
MMILUIAaHTaTOB UCCAeLOBa/IM B peXuMe OTPaKeHHOIO
CBeTa C MOMOILbIO YKa3aHHOTO MMKPOCKOTIA.

CraTHUCTUUYeCKHUil aHA/InU3

[y TomydeHMs] YMUCJIEHHBIX [OaHHBIX MPOBOLUIIN
M3MepeHUsT U300paskeHMi, CHOeTaHHbIX IIOCpen-
cTBOM LMGbPOBOI BUIOEOKaMepPbl CBETOBOTO MMKPO-
ckoma Axio Imager M1 ¢ mpuMeHeHMeM KOMILIEKCa
nmporpaMm st Mopdomerpunu AxioVision (Zeiss,
l'epmanus). Ha kKaxkmom mpenapaTe OCYLIECTBIISIN
3-5 M3MepeHMII pasHBIX ydacTKoB. IIpoBepka pac-
TpefeneHnii MHOPOAHBIX (PAarMeHTOB B KOCTHBIX

TKaHSX Ha corjiacue C 3aKOHOM HOPMaJIbHOTO pacipe-
nenenus: kputepuem llanupo - VYuika u romockenac-
TUYHOCTU (OOHOPOAHOCTM) OTKJIOHEHMIT MEXAOY ce-
pussmu F-kputeprem Ouiiiepa BbISIBIIA, YTO TOIBKO
CpemgHUI IyaMeTp TPYII (GparMeHTOB B KOMITAaKTHOM
KOCTHOJ TKaHM COOTBETCTBYeT rurore3aM. C yueTom
pe3ybTaToOB MPOBEPKM M MAJIOr0 pa3mMepa BbIOOPOK
CpaBHEHME pacrpeeeHnii MHOPOIHBIX pparMeHTOB
MPOBOAUIOCH HelapamMeTpUYecKuM [BYCTOPOHHUM
U-kputepuem MaHHa-YUTHU. BbruncieHmeM ImceB-
JoMeVaHbl ITapHbIX pa3HOCTeN (1) 3HAUeHUIT MEXIY
CcepusMM ¢ moctpoeHueMm 95% moBepUTETbHOrO MH-
TepBasa (95% 1) onleHMBanach CpegHss ab6COMIOTHAS
pasHUla; CpelHSII OTHOCUTEeNbHasi pa3Huiia (OTHO-
CUTENbHO YCpeAHEHHOTO OTK/IOHEHMS) OlleHMBaIach
pacyeToM CTaHAAPTU3UPOBAHHONM Pa3HUIIbI CPeIHUX
¢ moctpoenneMm 95% V. [IecCKpUIITUBHbBIE XapaKTe-
PUCTUKM TIPeACTaBAeHbl B BUIE MeAMaHbl [1€PBOro
KBapTmiIs — Tpetbero keaptwisi] (Me [Q,-Q,]), cpen-
Hero * CTaHAAapTHOTO OTKIOHeHus (M=SD), makcu-
MaJbHbIM M MMHUMMAaJIbHBIM 3HaUeHUsIMMU (min-max).
[IpoBepka CTaTUCTUYECKUX TUIIOTE3 MPOBOAMUIACDH
MpY KPUTUUECKOM YpOBHe 3Haummoctu p = 0,05, T.e.
pasnuumMe CYUTAIOCh CTATUCTUUYECKM 3HAUYMMBIM
npu p<0,05. CraTucTMyeckue pacdyeTbl MPOBOIUIN
B IDE RStudio (Posit Software, PBC, CIIIA) Ha s13bike R.

PE3VJIbTATbBI

B xofe BBINOSHEHUS TAaHHOW pabOThI BCE JKUBOTHbIE
HabTI0maIICch exxeTHeBHO. ITocte MpoBeIeHHOro oIle-
paTMBHOTO BMeIaTeJIbCTBA OTMEUYaJoCh CHIKeHMeE
IBUTATEIbHOM aKTUBHOCTYU Y BCEX JXKMBOTHBIX B Iep-
Bble CYTKM, CO 2-X CYT. ITOCJIE YCTAHOBKM MMILIaHTa-
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Ta [ABUTaTe/libHAs aKTUMBHOCTb BOCCTaHaBIMBAIACh.
B nmocnenywomem u3MeHEHUM B [OBUraTeIbHOI
aKTMBHOCTY KMBOTHBIX 32 BCe BpeMsI HAOIOIeH T He
OTMeueHO. B nmepBbie [Boe CYTOK C MOMEHTa BMellla-
TeIbCTBAa OTMEUaJIOCh YMEepeHHOe CHIDKeHUe MOoTpe-
6J1sIeEMOr0 KOpMa, Jajiee norpebiaeHne Kopma 6bII0 Ha
JOOTepalMOHHOM YpOBHe. 3aKMBJIEHME PaHbl IMpO-
MUCXOOWUIO TIePBUYHBIM HaTSDKEHMEM, MpPU OCMOTpe
TKaHM B 00JIACTM OIIEPaTMBHOIO JeueHusl Obuin 6es
ocobeHHOCTel. K MOMEHTY BbIBEIEHUSI U3 SKCIIEPU-
MeHTa BU3YaJbHO KOXKa M MSTKME TKaHM B 00JIaCTU
XUPYPIrUUYECKOTO BMEIIaTeIbCTBA ObUIM 0e3 MpuU3Ha-
KOB BOCTIaJIeHMSI.

Maxpockonuueckas kapmuHa. VImruiantatsl 1-1 ce-
pUM 9KCTIEPUMEHTA TIOTHO (MKCUPOBAHBI B OKpYsKa-
IolIel KOCTHOM TKaHU. YaajieH e TUTaHOBBIX MMILIaH-
TATOB I10 OKOHYAHMM IKCITEPUMEHTA ObUIO COMPSIKEHO
C TeXHUUYECKUMU TPYLHOCTSIMU, TaK KaK MMIUIAHTATbhI
IJIOTHO CPOCJIACH C Pa3/IMUHbIMM TUTIAMM KOCTHOJ TKa-
HU. MaKpOCKOIIMYECKM UMIUIAHTaThl MOTHOCTbIO OKPY-
>KeHbI KOCTHOV TKaHblO (puc. 3a). [lepBoHauvanbHas
(urypHas moBepXHOCTb MMIUIAHTATA He OIpenens-
Jlach, OMHAKO OOIIye KOHTYPbI ObLIM COXpaHEHbI. Bo
(parmeHTe KOCTHOI TKaHM TTOC/IE YOATEHUS UMIUIAH-
TaTa OIpeIessICS KOCTHBIN Te(deKT OKPYIIOoi (OpMbl
C HEPOBHBIMM KpasiMM, COOTBETCTBYIOIIMMMK Gpar-
MeHTaM KOCTU Ha MMILIaHTaTe.

WNmrutaHTaThl 2-71 cepum 3KCIIepUMMEHTa JIETKO U3-
BJIEKQIMCh M3 KOCTHBIX TKaHei, mebpuc Ha miepo-
XOBaTO} TIOBEPXHOCTM MPAKTUUECKM OTCYTCTBOBAI
(puc. 3b). MaKpOCKONMYECKM MMIUIAHTAThl MMEI
6JIeCTAIIYIO TOBEPXHOCTD, HA KOTOPOJ OTCYTCTBOBAJIN
(bparmMeHTHI OKpYKaAOIIMX TKaHEN. CTPYKTypa MMILIaH-
TaTOB ObLIA COXpPaHEeHAa M XOPOIIIO BU3YaaM3MPOBaIach.

VroaneHue UMIUIAHTATOB 3-71 cepymu 6bIIO OCYIIECT-
BJIEHO 0€3 TEXHUYECKUX TPYAHOCTEN 1 6e3 hopMupo-
BaHMS JedeKTa KOCTHOV TKaHM, PEBOCXOASIIETo Mo
pasMmepaMm MMIUIaHTaT. Ilo BCeli MOBEPXHOCTU UM-
IJIAHTATOB 3-i1 cepuyu SKCIIepMMEHTa HabI0maanch
(bparmeHTHI KOCTHOM TKaHU, MPOCIEKNBATINCH TONb-
KO KpYITHble MCKYCCTBEHHO CO3JaHHble HEPOBHOCTU
(puc. 3¢).

Mukpockonuuecku 6 1-Ui cepuu 3KkcnepumeHma:
B 30He gedekTa ryouaTtoil ¥ KOMIAKTHOM KOCTHOJ
TKaHM Ha MeCTe yIaJeHHOTO MMIIaHTaTa Ha OTAeNlb-
HBIX yYaCTKax HAO/IIOMAIOTCS TTOTHOKPOBHbIE COCYAbBI.
Mexpay MOBEPXHOCTHIO MMILJIAHTATA M KOMITAKTHOM
KOCTbIO HabmiomaeTcs (GopMUpOBaHME HOBOOOPA30-
BaHHO KOCTHOM TKaHU, OTAEIEHHONM OT 3peJioil KOCT-
HOJi TKaHU JIMHUEN cKieuBaHus (puc. 4 a, b).

Mukpockonuuecku 80 2-U cepuu 3KcnepumeHmad:
Ha6JI0AAeTCs BhIpaskeHHASI BOCTIAIMTEbHAST peaKIust
¢ GOJTBIINM KOJTMYECTBOM JIEHKOIIMTOB ¥ BHECOCYAMC-
TBIX SPUTPOLUTOB, Makpodaros (crpeyiki). Bonpinoe
KOJIMYECTBO JIAKYH C WHOPOAHBIMM (pparmMeHTaMuU
B CKJIEpPO3MPOBAHHO} Tryb6UaToOii KOCTHOI TKaHMU.
Mectamyu umHOpOAHbIE (GParMeHThl «3aMypPOBaHbBI»
B KOCTHYIO TKaHb, MECTaM} PaCIOJI0KeHbl M30IMPO-
BaHHO, 6e3 KaKoii-MMb0 peakuyuu CO CTOPOHBI OKPY-
SKalIIMX TKaHel (puc. 4, d).

Muxkpockonuuecku 6 3-U cepuu 3KChepuMeHma:
MHOTOYMC/IEHHbIE YaCTULIbl B KPACHOM KOCTHOM MO3-
re C BOCIHAJUTENIBHONM peakiueil Mexkmy rybuaTtoit
KOCTHOM TKaHbIO M UMIUIAHTaTOM. OTMeueHO BpacTa-
HMe MHOPOIHBIX (PparMeHTOB (CTPeNKM) B KOCTHYIO
TKaHb 3a CyueT OMNIMO3UILMOHHOTO POCTa TOCIemHEH,
C TIpM3HAKaMM CKJiepo3a o IMHMUY COTIPUKOCHOBEHUST
C IOBEPXHOCThIO MMILTaHTaTa (puc. 4 e, f).

Puc. 3. [ToBepXHOCTbh MMIUIAHTATOB, YIAJEHHbBIX M3 IIPOKCUMAIbHOIO OT/e/Ia 6eJpeHHOI KOCTY KPOJIMKOB Yepes 4 Hej.

I10CJ/ie YCTaHOBKM, B OTPA>XEHHOM CBeTe:

a — TuTaH 6e3 MoaMGUKaALUY IOBEPXHOCTH; b — TMTaH ¢ MOoAM(UKAIMe TOBEPXHOCTM Ag-COIepKalMM KaTbIMii-
(ochaTHBIM MOKPBITUEM; C — TUTAH C MOAMU(MKAIMEN [TOBEPXHOCTM ZN-COAepsKaIIUM KalbLiyii-GochaTHbIM HOKPBITUEM

Figure 3. The surface of implants removed from the rabbits’ proximal tibia 4 weeks after installation,

examination in reflected light:

a — titanium without surface modification; b — titanium with surface modification via Ag-containing calcium phosphate
coating; ¢ — titanium with surface modification via Zn-containing calcium phosphate coating
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Puc. 4 (a, b, c, d). [IporcuManbHbIi 0THEN 6eAPEHHOI KOCTU KPOIUKOB Yepe3 4 HeJl. TI0CjIe YCTAHOBKY MMILIAHTATOB:

a — nedekr ry6uaToii ¥ KOMIAKTHOI KOCTHOM TKaHYM Ha MecTe yAaJeHHOTO MMILUIAHTATa, Ha OTAETbHbBIX YUacTKax
BUJIHA TUIIepeMMUsI;

b — BoCCTaHOB/IEHME KOMITAKTHOM KOCTHOV TKaHY MEXAY IOJIOBKOM MMILIAHTATa ¥ KpaeM KOCTH, pyoert

B OCHOBHOM TOHKWIA (CTpeNKN);

¢ — BBIpaKeHHAasI BOCHAIUTEIbHAS PEAKIMsI B CKIIePO3MPOBAHHOI I'y6uaToii KOCTHOM TKaHM, Tie PaCcIONIOKeHbI
MHOTOYVICIEHHbIe MeTa/uTnyecKye GbparMeHThl, TUIIepeMMs; YaCTHUIIBI MeTaslla, OKPYsKeHHbIE COeIMHUTENIbHO TKaHbIO,
PAacIIoNOKeHbI Cpeii MHOTOUMCIEHHBIX JIEMKOIIMTOB ¥ BHECOCYAVICTBIX 3PUTPOLIUTOB, CMSIHYE Makpodaros

¢ o6pa3oBaHMEM MHOTOSIIEPHBIX POPM (CTPENKM);

d — 3HauMTenpHas gedopMalys CKIePO3UMPOBAHHONM KOMIIAKTHOI KOCTHOM TKaHM MeXKIY FOJIOBKOJ MMIUIAHTATa Y KpaeM
OTBEPCTHSI; KOMIIAKTHAsI KOCTb COIEPSKUT MHOXKECTBO MeTa/lIMYeCKUX GparMeHTOB pa3Hoil HOpMbI U pa3MepoB;

Figure 4 (a, b, ¢, d). Proximal tibia of the rabbits 4 weeks after implants installation:

a — defect of cancellous and compact bone tissue at the site of the removed implant; hyperemia is visible in some areas;
b — restoration of compact bone tissue between the head of the implant and the bone edge; the scar is mostly thin
(arrows);

¢ — pronounced inflammatory reaction in sclerosed cancellous bone tissue containing numerous metal fragments;
hyperemia is present; metal particles surrounded by connective tissue are located among numerous leukocytes

and extravascular erythrocytes, with macrophage fusion forming multinucleated cells (arrows);

d — significant deformity of sclerosed compact bone tissue between the implant head and the edge of the hole;
compact bone contains numerous metal fragments of various shapes and sizes;
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Puc. 4 (e, f). [IporkcuManbHbIii OTHENT 6eJPEHHO KOCTM KPOTVKOB Uepes 4 He[l. ITOC/Ie YCTAHOBKY MMIUIAHTaTOB:
€ — MHOTOYMC/IeHHbIe MeTa/l/TMYecKye YaCTULbI B KPACHOM KOCTHOM MO3Te C BOCIIA/IUTENbHOM peakiyeil Mexay
ry64aToit KOCTHOV TKaHbIO ¥ MUMIIAHTATOM
f — BpacTaHue MeTa/mmyeckux GparMeHTOB (CTPEJIKM) B PeTreHepUPYIOIYI0 KOCTHYIO TKaHb C MTPM3HAKAMU CKIepo3a
" py6IIOBBIMM M3MEHEHMSIMM Ha KPar OTBEPCTHS, Te ObUIAa PACIIONOKeHA FOJIOBKA MMITJIAHTATA.
Oxkpacka reMaTOKCUIMHOM U 303VTHOM

Figure 4 (e, f). Proximal tibia of the rabbits 4 weeks after implants installation:
e — numerous metal particles in the red bone marrow with an inflammatory reaction between the cancellous bone tissue

and the implant;

f — ingrowth of metal fragments (arrows) into regenerating bone tissue, with signs of sclerosis and cicatricial changes
at the edge of the hole where the implant head was located.

Hematoxylin and eosin staining

Heo6xomumo 06paTiTh BHUMAaHME, YTO HY B OTHOM
cpese HU Y OHOTO >KMBOTHOTO 1-Vi cepum 3KCIiepu-
MeHTa He ObLIV OTMeUeHbl MHOPOAHbIE (DparMeHThbI HI
B rybuaToif, HM B KOMITAaKTHOI KocTu. Bo 2-it u 3-it

cepusix 9KCIIepMMeEHTa MPUCYTCTBYIOT WHOPOAHbIE
(bparMeHTbI Pa3IUUHBIX Pa3sMEPOB B KOCTHOM TKa-
HM KaK KOMITAKTHOTO, TaK M Ty64yaTOro CTPOEHMS

(Tabm. 1).

Pasmep 1 0COOEHHOCTHU pacrpeaeieHns MTHOPOAHBIX ()parMeHTOB
B KOCTHbIX TKaHAX [IOBK KpoankoB 4yepes 4 Hep,. mocie GUKcayU TUTAHOBBIX MMILIAHTATOB
C Pa3sJINYHBIM XapaKTepPOM MOBEPXHOCTU

Tabnuya 1

Cepus 3KCIIepMMeHTa

2-51 cepust 3-5 cepust OueHka pasnanunst U-xpurepi
Tapametp (TIOKpbITHE C cepeOdpoM) | (TIOKPITHE C LIMHKOM) Manna - VuTHu
)
Me [Q, - Me [Q. -
n EIE\/LCT)SIDQZ] n el\/}SSlDQZ] B (95% TN
. . CPC (95% IIN)

(min-max) (min-max)
CpenHuit iuaMmeTp 19 7[3,5-14,5] 18 | 21[16,00-27,75] 11,6 (5; 17) 0,004*
¢dbparmenTa B ry6uaTtoit 11,21+10,68 20,67+8,08 -0,99 (-1,68; -0,31)
KOCTHOJ TKaHM, MKM (2-30) (7-35)
Cpenuuit fuameTp 28 10 [5-15] 27 20[10-25] 5(;14) <0,001*
(parmeHTa B KOMIIAKTHO 9,50+4,17 17,78+7,95 -1,31 (-1,9; -0,73)
KOCTHOJ TKaHU, MKM (5-15) (10-30)
Cpenuuit fuaMeTp rpyImn 11 70 [50-135] 11 50[40-70] -10 (-80; 10) 0,150
(dbparmeHTOB B Ty6UaTOi 88,18+49,76 60,0£25,3 0,71 (-0,15; 1,58)
KOCTHO¥ TKaHU, MKM (40-170) (40-110)
CpenHuit 1uameTp TPyII 10 | 150[135-177,5] | 12 | 245[232,5;270,0] 90 (60; 130) <0,001*
(parMeHTOB B KOMITaKTHOJ 155,00+35,98 246,67+39,62 -2,41 (-3,53;-1,29)
KOCTHO¥ TKaHU, MKM (100-210) (180-310)
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OxoHuaHue mabauyst 1

Cepusi 3KCIIEpMMEHTA
2-51 cepust 3-5 cepust Ouenka pasmnumus U-xpurepui
Mapamerp (TIOKpbITHE C cepeOdpoM) | (TIOKPBITHE C LITHKOM) MaHna - VyTHi
M - M -
A . CPC (95% 1)

(min-max) (min-max)
CpenHee pacCcTosiHue MeXay | 26 200 [180-240] 28 205 0 (-30; 30) 0,848
¢bparmenTamu (Mx rpynmnaMmm) 215,77+47,17 [177,5-250,0] -0,1 (-0,63; 0,43)
B I'y6UaTOil KOCTHOJ TKaHMU, (150-310) 220,71+50,77
MKM (170-350)
CpenHee paccTosiHME MeXIy | 23 240 [220-290] 20 | 325[265-350] 50 (30; 90) 0,001*
dbparmenTamu (Mx rpymmnammn) 253,04+44,87 308,00£50,85 -1,15 (-1,8; -0,5)
B KOMITaKTHO KOCTHOM (200-340) (240-380)
TKaHU, MKM

* — CTATUCTUYECKM 3HAUYMMO pasinyarumecsd rnmoxkasareyjan, N1 — KOJIim4eCTBo I/ISMEI)EHI/Iﬂ, CPC — CTaHOapPpTU30BaHHAs

pa3Hulia CpegHUX.

Bo 2-ifi cepum umHOpomHble (parMeHThHI OKasa-
JIUCb MEHbIIE T0 pasMepy, YeM B 3-1i, KaK B KOM-
MakTHOM (Ha 84,4%), TaKk M B rybuaToil KOCTHOI
TKauu (Ha 87,2%). CpemHuii muameTrp rpymn ¢par-
MEHTOB U CpefHee pacCTOsIHME MeXIy (parmeHTa-
MU TTOKPBITUSI WJIX UX TPYIIIAMU B I'yOUaTO KOCTHOM
TKaHM CTaTUCTUYECKM 3HAYMMO He pasiuyalncCh,
a B KOMMNAakKkTHO# O6buiM Ha 59,1% u 21,2% O6omblie
B 3-1i cepuM COOTBETCTBEHHO.

OBCY>XIEHUE

TuTaHOBbIE MMILUIAHTAThl C LIEPOXOBATO IOBEPX-
HOCTBIO OBLIM XOPOIIO MHTETPUMPOBAHbI B KOCTHYIO
TKaHb [TOBK. O6 3TOM CBUIETENBbCTBYIOT KaK TEXHU-
yeckue TPYLHOCTU MPU YOATE€HUM MMILIAHTATOB U3
KOCTH, TaK ¥ ()parMeHThbI TKaHelt Ha ITOBePXHOCTU U3-
Ienust M chopMUPOBaBIINIACS HedEKT KOCTHON TKAHU
C HEPOBHBIMM KOHTYpaMM Ha MeCTe YAaJIeHHOrO UM-
iaHrara. M3BeCTHO, UTO MPU yOaJIeHUM BUHTOBBIX
MMILUIAHTATOB C IVIaAKOJ MOBEPXHOCTBIO B TAKUX K€
YCIOBUSAX B KOCTHOWM TKaHU (OPMUPYETCS KOCTHBIN
IedeKT C pOBHBIMM KPasiMU, COOTBETCTBYIOIIVMMU pa3-
Mepy uMIiaHTaTa [7]. Takum ob6pa3om, mepoxoBaTas
(urypHas moBepXHOCTh TUTAHOBBIX 3D-UMILIaHTATOB
CITOCOOCTBYET UX OCTEOMHTErPaIu C TKAaHSIMMU KOCT-
HOTO JIOXKa. DTU JaHHble MOATBEPXKAAITCS APYyTUMU
UCC/IeNOBAaHUSIMU, TOCBSIIEHHBIMU M3YYEHUIO UM-
IUIAHTATOB € Kaibluii-dochaTHBIM TOKPBITUEM U
6e3 Hero, nipu 3ToM A.A. KOpbITKMH C cOaBTOpaMu
OTMEYaloT, YTO HaJInuue Kauabluii-pocaTHoro mo-
KPBITUSI He BCerga CIoCOOCTBYET JIydllieMy OCTeore-
He3y [5]. HekoTopble aBTOPBI TakKe HeIaloT BBIBOJ,
0 TIePCIEeKTUBHOCTU Pa3IMYHBbIX Kalbluii-gocdar-
HBIX TTOKPBITHIA [5, 17].

AHAJIOTMYHO C JAaHHBIMM JUTepaTtypsl [2, 5, 17],
B HAaCTOSILEM MCCAefOBaHUM OTCYTCTBME aKTUBHOM
BOCMA/JIUTEIbHO peaklyu, TMTAaHTCKUX KIeTOK MHO-
POIHBIX TeJ, OOUIMPHON TpybOlt COemVHUTETbHO-

TKaHHO KaIICy/Ibl B OKPY)KAIOLIMX TKAHAX B 1-1i cepun
3KCIIepUMeHTa Yepe3 4 HeJl. HaOMIoIeHNS CBUAETe b-
CTBYeT O OMOMHEPTHOCTM TUTAHOBBIX MaTepuaioB 6e3
MOKPBITUSI.

Uepes 4 Hen. nocie yctaHOBKY B [IOBK TuTaHOBBIX
MMILIAHTATOB C KaJlbIMii-(pochaTHBIM ITOKPBITUEM,
cofepskamyuM cepebpo WM IUHK, B OKPYXKAIOIIMUX
TKaHSIX OTMEUYEHO TIOSIBJIeHNe WHOPOOHBIX par-
MEHTOB, KOTOPBIX He ObLIO TIOC/Te MCIIOAb30BaAHMS
3D-uMMIUIaHTaTOB U3 TUTaHA 6e3 MomudUKAIMK T10-
BepxHOCTU. CpemgHue pasmepbl 3TUX MHOPOSHBIX
(bparMeHTOB B 3-i1 cepuy SKCIIepUMEeHTAa ObLIN TPU-
MEepHO B [IBa pa3a KpyImHee 110 CpaBHEHUIO CO 2-1 ce-
pueit SKCriepMMeHTa. DTO MOXKET ObITh CBSI3aHO KaK
C pasaIMuMsIMU B IIPUKPEIVIEHUM MOHOB K TIOBEPXHOC-
TU U3OENNIT BO BpeMs MOOM@UKAIMKU TTOBEPXHOCTU
(MOHBI KaXkIOoro MeTauia GOPMUPYIOT IPYIIIbI OTIpe-
JleJIEHHOTO pa3mepa), Tak U ¢ 0COGEHHOCTSIMY peak-
LIMI1 OpraHM3Ma Ha TOT WK MHOI MeTasl. BO3MOXHO,
YTO OTULIeIVIIeEMble C [IOBEPXHOCTM MMILJIAaHTaTa
YyacTUIlpl IMHKa M3HAyaJbHO KpyIlHee IO pa3Me-
py. Takke He MCK/IIOYEHO, UTO (parMeHThI cepebpa
ObICTpee pasmesIOTCS B TKaHSIX Ha Ooyiee MeJKue
13-3a OCOOEHHOCTell B3aMMOMENCTBUS C SKUBBIMU
KJIeTKaMM, 0COOeHHO OCYIECTB/SIONMMY HecTelu-
dbuueckyio 3amuTy (Makpodaramyu) M UMERIUMU
pasnuyHble METAIONPOTENHA3BI.

To, uTro cpemHuit nyameTp Tpynn GhparMeHTOB U
cpenHee pacCTosiHYE MeXOY dhparMeHTaMu IMOKPBITHUS
WM MX TPYIIIIaMy B I'y6UaToif KOCTHOM TKaHM CTaTUC-
TUYECKM 3HAUMMO He pasIuvajnuCh, MO-BUIUMOMY,
06YyC/IOBJIEHO  YCTAaHOBKOM  MMIUIAHTaTa VMEHHO
B KOMIIaKTHYIO KOCTHYIO TKaHb [IOBK. To ecth yacTu-
LIl MeTasula, OTIIEeIVIEHHbIE C TIOBEPXHOCTU U3MLENNii,
MUTPUPYIOT B KOMIIAKTHYIO KOCTHYIO TKaHb 10 Mepe ee
pereHepanuy BOKpYT UMIUIAHTATOB, TOTA KaK B Tyoua-
TYI0 KOCTb MHOPOJHbIE (hparMeHThI TOMAIAI0T, TOLKO
PO KOMIIAKTHYIO TKaHb. K MomeHTy Mopdonoru-
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YeCKOTO MCCAeNOBaHMsS MeTauimdeckue (GparMeHTh
JIOCTAaTOYHO XOPOIIO MHOMIBTPUPYIOT KOMIIAKTHYIO
TKaHb, HO TOJIPKO HAYMHAIOT MUTPAIMIO TI0 Iy6uaToi
TKaHMU U ellle He YCIeBaloT MIMPOKO Pa30MTUCh, PacCTO-
STHME MEXKIy HUMMM HeOGOJIbIoe M CTaTUCTUIECKN 3Ha-
YMMO He OT/IMYAeTCs B CJlyyae IpMMeHeHUs JJ151 MOO V-
(ukaiu moBepxHOCTEN MOHOB IIMHKA WK cepebpa.

MeHbliee paccTosiHMe MeXIy hparMeHTamMu cepe-
6pa, KaK ¥ MEHbBIINI IMaMeTp CaMMX TPYIIT YaCTHI]
9TOTO MeTa/l/la, Haubojiee BepPOSITHO, OOYCIOBJIEHO
pPa3nMUYHBIMU peakLMsIMM OpraHu3Ma Ha pa3Hbie Me-
Tasuibl. YacTuiibl HMHKA O6oj1ee-MeHee CBOOGOLHO MMU-
IPUPYIOT 10 KOCTHOV TKaHM, TOTAA KaK (hparMeHTbI
cepebpa 60jiee aKTUBHO TPYIIIMPYIOTCSI, BO3MOSKHO,
IIJIST UHAKTUBALMM 0OBOIAKMBaHMEM (PUOPUHOM, UK
IS TIOC/IeIytomero GaromuTo3a, My MHKATCYISINMA,
WK gaxe 3IMMUHALAN.

[Toxoxkue pesyabTaThl ObUIM IOTYUYEHBI B IKCIIE-
puMeHTaNIbHOM uccnemoBanum M.Jl. CmaHanueBa u
WN.M. IOnpameBa, HO cpemHmii pasmep ¢parmeH-
TOB COCTaBJsT 697 HM. [IpuyeM aBTOPBI yKa3biBa-
0T, UTO 3TO HE MOXET SIBJSTbCS OKOHUYaTeIbHBbIM
pe3yabTaTOM, TOCKOJbKY OaHHble OOBEKThI MOTYT
TIPeICTaBISATh COOO0I arperaTbl CAUIIIMXCS YaCTUI]
MmeHbilero pasmepa [10]. O mpucyTcTBUM cepebpa
B TKaHSX HMWXKHEN! YeNloCcTU TMOocjie MMIUIAaHTaluuu
MMUHU-TIJIACTUH U3 CIJIaBa TeXHUYECKU YUCTOTO TU-
TaHa ¢ cepebpoM B 00J1aCTb MaHAMOY/ISIPHOTO Tepe-
JIoMa B3pOCJIBIM cobakaM yepe3 12 Hepd. cOOOGUIAIOT
J.H. Lee c coaBTropamu [9]. B pabore M.B. Crorosa
C COaBTOpaMM COOOIIAETCSI O TTOJIOKUTEIHbHOM BJIM-
SIHUM KaJbIUii-GochaTHOro IOKPBITUS, COmepsKa-
1ero UMHK, Ha OCTEeOMHTerpaluio, o CpaBHEHUIO
¢ uzpenvieMm 6e3 moKpbITHs [17].

Tem He MeHee MPUCYTCTBYE MHOPOOHBIX Gpar-
MEHTOB B KOCTHbIX TKaHsX [IOBK mocie ycTaHOBKM
TUTAHOBBIX 3D-MMILIAHTATOB C JIIOOBIM MOKPBITHEM
SIBJIIETCSI HEXKeJaTeJlbHbIM SBJIEHUEM, ITOCKOJIbKY
CBUETENbCTBYET O HapylIeHMM LeJOCTHOCTU TIO-
KPBITUSL UM HUBEIMPOBAHUU TeX CBOMCTB, KOTOpbIE
MoaMduUKaIyMs MOBEPXHOCTU MOJDKHA MPUIOATH UM-
mwiaHtaty. Kpome Toro, HajimumMe MHOPOLHBIX Tej
B HEKOTOPBIX CIy4yasx MHULIMUPYET acemnTuuecKui
BOCHA/JIMTENbHBIN Mporecc. MMKPOIOABUKHOCTD
MHOPOAHBIX (ParMeHTOB ¥ MeXaHUYeCKoe IMOBPeK-
JleH/e TKaHell TPpUBOIAT K ITOTHOKPOBMUIO U TIO-
BPEXAEHUIO COCYAOB, TKaHEN C IMOCAeOyIolein uX
JieikoIuUTapHOi MHUIbTpalueii. Bce aTo mpernsT-
CTBYeT OCTEOMHTerpauyuu UMILIAHTATOB C KOCTHOM
TKaHbIO U, Kak CjlIeACcTBUe, MIPUBOOUT K UX HeCTa-
OGMJIBHOCTY, UTO IOATBEPXKAAETCsI (GOPMUPOBAHMEM
TOJICTOM MPOCIONKN COEAUHUTENbHOM TKaHU MEXKIY
MMIUIQHTATOM M KOMMAKTHOW MM ry64aToil KOCT-
HOJ TKaHbIO. DTO YTBEPKIOEHME TaKXKe ITOATBEpPXK-
JaeTcs DAaHHbIMM auTepatypsl [2, 18]. IlokazaTenu
MeXaHMYeCKOii CTabWIbHOCTY, IIPOUYHOCTb aATe3UN
K MMIJIAHTATY, SIBJSIIOIIEMYCS HOCUTENEeM IOKpPbI-

TUSI, CPABHUMBI MO OAHHBIM KaK POCCHUIICKOI, Tak
" 3apybeskHOI nuTepaTtypsl [2, 3, 5, 18], yunTsiBas
AQHAJIOTMYHBbIE STAIbl MPOM3BOACTBA MMILJIAHTATOB.
Hanuume MHOPOOHBIX YACTUI] U UX MUKPOITOABVIK-
HOCTb MOTYT MHULIIMMPOBATH MUKPOTPABMaTU3ALNIO
M acemnTMUeCcKoe BocrajeHue. B pesymbrare miu-
TEIbHOTO BOCTIAJIEHVSI MTHOPOIHbIE YaCTUIbI MHKATI-
CYJIMPYIOTCS COEIVHUTENbHON UM KOCTHOM TKaHBIO,
YTO UCKITIYAET X KOHTAKT C OKPY>KAIOIIVMM TKAHS -
mu. Hasmmune mpomo/sKUTENbHOTO BOCITA/IUTEIHHOTO
mpoliecca MPUBOAUT K TIOSBIEHNUIO T'pPaHYIeMaTOo3-
HOTO KOMITOHEHTa ¢ 06pa3oBaHMeM MHOTOSIIePHBIX
Makpodaros ¢ mocaeAyoIMM CKIepO3MpPOBaHMEM
1 medopmariyeit KOCTHO TKaHM joxka. Takas nsme-
HeHHasl KOMITaKTHAsl KOCTHAS TKaHb, IT0-BUIMMOMY,
He CMOXXeT 06eCIeunuThb JOCTATOYHO MPOYHYI0 DUK-
CalyIo UMIUIAHTATa B KOCTHOM JIOXKe.

Kpowme Toro, pasHbie TUIIbI COEAMHUTENbHON TKa-
HU, OKpYKalolliyie MHOpPOIHbIe (hparMeHThl B TKa-
HSX, YKa3bIBAIOT HA TO, YTO 3TU (HparMeHThl MOIaIn
B TKaHM He OJHOMOMEHTHO BO BpPeMs MMILIaHTAIUN,
a B pa3Hoe BpeMs. [Ipy 3TOM HeJb3sT UCKITIOUUTD T10-
sIBJIEHME WHOPOIHBIX (parMeHTOB U B IpoIiecce yaa-
JIEHVSI UMIUIAHTATOB M3 KOCTM Y3Ke TI0C/Ie 3aBePIIeHMS
srcnepumenTa. O6 3TOM CBUAETEIbCTBYIOT CBOOOIHO
PAacIIOIOKEHHBIE MHOPOIHbIE (PparMeHThI 6€3 JIeiiKo-
LUTAPHOM, MUKPOLMUPKYISITOPHOM U COEOUHUTEND-
HOTKaHHOJ peaki[uy BOKPYT HUX.

B coBpemeHHOIT JMTEpaType OOCYXIAaeTcsl BO-
MpoC MOAMGUKAINY TTOBEPXHOCTM TUTAHOBBIX UM-
IJIAHTATOB C MOMOIIBI0O MOHOB cepebpa sl mpuia-
HUSI TIOCJIEIHUM aHTUOAKTEPUATbHBIX CBOVICTB IJIsST
MpoGUIAKTVKMA TTepUOIEePAlIOHHBIX OCTOKHEHM
[8,9, 10, 11, 19, 20, 21]. YacTuupl cepebpa HETOKCHUY-
HbI, He OKUC/ISIIOTCSI Ha BO3[yXe, CTAOWIbHBI B BOJE,
006/71a7al0T BBICOKOW IPOYHOCTBIO U TUAPOGUIbHO-
CTBIO U He BBI3BIBAIOT ajlepruueckux peaxkuuii [10].
Cepebpo CIIOCOOHO cHepKMBaThb POCT OakTepuit u
MIPM 3TOM OKAa3bIBAaTh CYIPECCUPYIOIlee U AaxKe Je-
CTPYKTMBHOE [eJCTBME Ha OKpYyKaloliye KIeTKH,
B TOM umcJie octeobsactsl [20, 21]. Kpome TOTO, MOHBI
cepebpa MHMLUMUPYIOT amoIlTO3 Y Mpoaudepupylo-
MIVX KJIETOK, CITOCOOHBI BbI3BATH IMTOTOKCUYECKOE U
Jlaske CIIOCOOHBI MMETh reHOTOKCUYECKOe AeliCTBUe
[22, 23]. BeposiTHee Bcero, 60/bIlIoe 3HAUEHNE UMEET
pacyer J03bI U COCTOSIHME KOMIIOHEHTA B TIOKPBITUH,
a Takke CoueTaHMe C APYTUMM XUMWUECKUMMU diie-
meHTamu. ClienyeT OTMETUTh, UTO 3(PHEKTUBHOCTD
OCTEOMHTErpaluy U3BECTHBIX Kalblnii-(ocdaTHbIX
MTOKPBITUI BapbUpPYyeT OT UCCIeIOBAaHMUS K UCCIeA0-
BAHUIO, TIPM ITOM IMOJyYeHHas Mopdosornyeckast
KapTMHA B TPyMIlax ¢ KaJblnii-GpocdaTHBIM OKPbI-
THEM C HAaIlbUIEHVEM CepeOpPOM ¥ IIMHKOM CXO3Ka
C JAHHBIMU, MMOTYYEHHBIMU IPYTUMU VCCIE0BaTe-
namu [2, 17, 18].

Heobxommumo mpomo/DKUTh MCCIeIOBaHUS C BO3-
MOXHBIM M3MEHEHMEeM TeXHUKM HAHeCeHUsI II0-
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KPBITUI WIM MX TOMIIMHBL IJIs1 TPeayrpekaeHus:
TIOBPEXIEeHNI M HapyIIeHUs IeJIOCTHOCTU Monudu-
LMPYIOIIMX TOKPbITUIA. Hanmmume coeguMHUTENbHO-
TKAHHOM KarCy/bl BOKPYT HEKOTOPBIX (parMeHTOB
Pa3IMYHOI TOMIIMHBI U CTEIIeHU 3Pe/IOCTU KOCBEHHO
CBUAETENbCTBYET O HAIUMYUU MUKPOIIOABUKHOCTHU
TakuMx (parMeHTOB C MMKPOTpaBMAaTHU3aIMel OKpY-
SKaIMMX TKaHel. Hanyuye MHOPOIHBIX (parMeHTOB,
(akTHMUeCcKy «3aMypOBaHHBIX» B KOCTHYIO TKaHb, I'0O-
BOPUT O OGMOMHEPTHOCTU MOKPBITUIA U CIIOCOGHOCTY
K OCTEeOMHTEerpauum.

3AK/TIIOYEHUE

Bo Bcex cinyuasix MUMIIJIaHTMPOBAHHbIE B TPOKCUMAJTb-
HbBIII OTHeN OGeIpPEeHHOI KOCTM TUTAHOBBIE WU3IENNS
¢ (uUrypHoii IIepoXOBaTO/ TMOBEPXHOCTHIO OYEHDb
IUIOTHO IIpuUIeralT K KOCTHOM TKaHM, Kpasi KOTO-
poii MMEIOT He3HAuMTeNlbHble pyOIIOBbIE M3MEHe-
HUs. TuTaHOBbIEe MMILJIAHTATBI MHEPTHBI JIJISI SKUBOTO
opraHu3Ma M XOpOIIO COBMECTUMbI C ero TKaHSIMU,
0 UeM CBUIEeTeIbCTBYeT OTCYTCTBME aKTMBHOI BOC-

JOIIOTHUTEJIbHAS NTHO®OPMALIMISI

3asenenHslii 6K1a0 agmMopoe

Bce aBTOpBI cAenany 5KBMBAJIEHTHBIN BKJAL, B MOATO-
TOBKY MyOIMKAIVA.

Bce aBTOpBI Mpouwan U ogo6puian GUHAIBHYIO BEPCUIO
PYKOINCK CTaThU. Bce aBTOPBI COIIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTOOBI 0OECTIEUNTh Hale-
Kalee pacCMOTpPeHMe U pellieHNe BCeX BO3MOXXHBIX BOIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HALEXKHOCTBIO JII0607
yacTu paboThl.

Hcmounuk ¢punancuposanus. ViccienoBaHye BITOTHE-
HO B paMKax rocygapcrBeHHoro 3aganus ®I'6YH «UXBDOM»
CO PAH «®yHpameHTaIbHbIE OCHOBBI COXpaHEHUS 340PO-
Bbsl Hatuy» N2 FWGN-2025-0019 u rocymapCcTBEHHOIO 3a-
nauusg ®I'bY «HHUWUTO wum. S.JI. LluBbsiHa» MuH3apaBa
Poccun «Msyuenme 3¢hHeKTUBHOCTY PUMEHEHUS UHAVBA-
JIyaJIbHBIX MMIIJIAHTATOB, HaleuyaTaHbIX Ha 3D-TIpUHTepe,
¢ 6moakTuMBHBIM TOKpbITMEM (CaP, Zn, Ag) mpu 3amelre-
HUM HedeKTOB KOCTHOI TKaHM Pas3/IMYHOI JIOKaIM3almun»
N2 1023022700006-3-3.2.10.

Bo3mozcHblii KOH(AUKM uHmepecos. ABTOPBI JeKja-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOHDIMKTOB
MHTEPEeCOB, CBSI3aHHBIX C MyOIMKAIMe HACTOSIIEN CTAThU.

Omuueckana 3xkcnepmu3sa. ViccnemoBaHMe BbIMOJIHEHO
¢ cobmopenmem 'OCT 33215-2014, TOCT 33216-2014, Tpe-
6oBaumii JupektuBbl 2010/63/EU EBpormeiickoro mapia-
meHTa 1 CoBeta EC 0 3amuTe >KMBOTHBIX, UCIIOAb3YEMBbIX
B HAYYHBIX LeNsX. VicarenoBaHye ogo6peHo JIOKaTbHbIM KO-
muteToM 10 3TuKe npu ®I'BY «<HHUUTO um. 4.J1. LIuBbsiHa»
MwunsppaBa Poccum (Bbimmcka N2 010/22 u3 mpoToKoja
3acemanus N2 004/22 ot 21 anpens 2022 r.).

Hugopmuposannoe coznacue Ha  nyoauxkayuro.

He TpebyeTcs.

MaJIUTEeNbHOM peaklyy, TUTAHTCKMUX KJIETOK MHOPO[I-
HBIX T€JI, OOIIMPHOI IPyboii COeaMHUTETbHOTKAHHOM
KariCy/Ibl HEMOCPEICTBEHHO B MeCTe KOHTAaKTa BO BCEX
HabmogeHnsIX. BMecTe ¢ 3TUM U3BjIeUYeHMEe TaKUX UM-
MJIAHTATOB 3aTPyJHEHO, Ha X TTOBEPXHOCTU OCTaeT-
Csl MHOXXeCTBO TKaHeBbIX (hparMeHTOB. TUTAaHOBbIE
usgenus ¢ GUIYpPHOJ IIepOXOBaTOl MOBEPXHOCTHIO
MOKHO TIPMMEHSITh TOJIBKO [JISI JIUTENbHOTO BHE-
IpeHys B TKaHM OpraHM3Ma, KOrja BIIOCIeACTBUM He
TpebyeTcs yoaneHue UMILIAHTMPOBAHHOTO MaTepua-
j1a. TuTaHOBBIE UMIUIAHTATBI C MOAUMPUIIMPOBAHHOIA
MOBEPXHOCThIO MPOAEMOHCTPUPOBAJIN CKIOHHOCTD
K OCTEOMHTEerpaluu, Aaxe MpU MOBPEXKIEHUM IIO-
KpeITUS ¢ (GOpMMpPOBAaHMEM WHOPOIHBIX (par-
MEHTOB, MUTPUPYIOIIMX B OKpYyXalolj/e TKaHMU.
IanpHelme MUccieqoBaHus B JAHHOM 06/1acTu I10-
3BOJISIT peajin30BaTh MOJOXUTE/NbHbIE CBOMCTBA MO-
IMOUUMPOBAHHON ITOBEPXHOCTM B IIOTHOM OOBe-
Me, B TOM YMC/Ie TOJIOKUTENbHbIE aHTUMUKPOOHbIE
cBOJiCcTBa cepebpa U IMHKA, MOATBEPKIeHHbIE B 9KC-
TepuMeHTax in vitro.
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Pedepar

AxkmyansHocms. ApTUCTBI Gaseta 06;1agaloT MOPMOIOTMUECKMMM OCOOEHHOCTSIMM CTPOEHMs Ta306eApPEeHHbBIX CYCTaBOB,
YTO 00YCJIOBJIEHO UX MPOdecCMOHANbHOI AesITebHOCTbIO. BBUAY 3TOTO OHM 60jiee ToABePsKeHbI Pa3BUTUIO MTATOMOTHYEC-
KUX COCTOSIHMIA CYCTaBOB, M HEPEAKO UM IIpUCYyIIa crienyduueckast KIMHUYecKas: KapTUHa.

Llens — neMOHCTpaIMsI PEKOTO MOBPEKIAEHNS CYCTaBHOI KaIlCy/lbl Ta306epeHHOT0 CYyCTaBa M TMOAB3I0IIHO-0eIpeHHO
CBSI3KU Ha IIpUMepe KIMHUYECKOTO HabmomeHus apTucTa 6aiera.

Onucanue cayuas. TlanyeHnTka — mpodeccroHaabHas 6anepuHa 32 yietT. Bo BpeMst 3aHATHI TaHIIaMM OTMevasia 60JTb U oTpa-
HUYEHMEe aMIUIUTYIbI IBVOKEHUS B TPABOM Ta300eIpeHHOM cycTaBe. JIyueBbIMM METOIAMM MCC/Ie0BAHMI ObUIM BbISIBIIEHbBI
MMUHMMAaJbHble aHATOMMUUYECKMEe 0COOEHHOCTH, XapaKTepHble 1 hemMopoalieTabylIsspHOr0 UMIMHIKMEHTA, a TaKKe IMo-
BpPEXIEHMsI CYyCTaBHOM I'y6bl BEPTIY;KHOI BIIaAMHbI M CTPYKTYp TepeaHeli CycTaBHOM Karcymbl. OileHKa 6011 U QyHKIU-
OHaJIbHOTO COCTOSIHMSI OLIeHMBAJIUChH C TIOMOIIbIO IIKaa-onpocHukoB BAII, HOOS, iHOT-12 mo onepatuuu u yepes 6, 12,
18, 24, 36, 48 mec. Bo BpeMms orepaliuu 6bl1a YCIIENTHO MPoBeieHa KOPPEKIMs KOCTHBIX OCHOB Ta300eJpeHHOr0 CyCcTaBa 1
BCEX BbISIBJIEHHBIX MATKOTKAaHHBIX TIOBPEXKIEHMI. Y3Ke uepes3 5 Mec. maljeHTKa BO306HOBMIA TPOGheCCHOHATbHYIO TeTelb-
HOCTb. BoneBoit cuHapom Mo BAIII cHuswmiics ¢ 6 6anoB A0 0 B KOHTPOIbHBIX TOUKAX, HO MTEPUMOIMUYECKYM BO3HMKAIA JIeTKAast
HoloIast 6071b ocie pu3nUecKux Harpy3oK. B TeueHme Bcero neprona HabmomeHust QyHKIMOHaATIbHOE cocTostHue 1o HOOS
u iHOT-12 omeHMBaMM Kak OTAMYHOE, OJTHAKO IIPY BBITIOJIHEHMM HEKOTOPBIX MPO(eCcCHOHANbHBIX YIIPAKHEHUI MPUCYT-
CTBYIOT HEOOJbIIIVE OTPAHMYEHUS B AMIUIUTYE ABVKEHMS.

3axntouenue. TIpencTaBAeHHbIN KIMHUYECKUIT CTydyail JeMOHCTPUPYET, YTO MallMeHThl, uMelolye 60/b B 06/1acTH Ta-
306€IpeHHOTO CYyCTaBa, Ubs MeATebHOCTh COMpPsSIKeHa C SKCTPEMaIbHO BbICOKOI aMIUIUTYIOI ABVOKeHM 6empa, Tpedy-
10T 0c060TO BHMMAaHUS TIPY MPOBEIEHNUY MTPOBOIMPYIOIINX TECTOB KIMHUYECKOTO 06C/IeIOBaHMS M KPUTUUECKOI OlleH-
KU Pe3y/JbTaTUBHBIX M3MEPEHUl TIPU COTOCTAaBIEHUM C pepepeHTHbIMM 3HAUYEHUSIMU JTyYEBBIX METOAOB IMAarHOCTUKMA.
ApTpockonuyeckasi KOppeKUuusl CTPYKTYPHBIX MMOBPEKIEHMI B OMMChIBAEMOM C/Iy4ae MO3BOJMIA JOCTUTHYTh BBICOKUX
(byHKIMOHANbHBIX pe3yIbTaTOB 6Garomapst TIAHMPOBAHUIO M peaau3alluy XUPYPTUUECKOTO BMEIIaTeNbCTBA C YUYETOM
KOHIIEMIIMY MUKPOHECTaOMIbHOCTH.

KiroueBbie €10Ba: apTPOCKOMNMS Ta300€[APEeHHOr0 CyCTaBa, MUKPOHECTaOMIbHOCTh, CYCTABHASI KaIICyla, [TOBPEXIEHME
ry6bI BEPTIYKHO BIaaAMHbI, (heMOopoaleTabyIsIpHbIi MMIIVMHAKMEHT, apTUCTHI 6aneTta.
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Hip Microinstability Associated with Subclinical Femoroacetabular
Impingement in a Ballet Dancer: A Case Report

Sergey A. Gerasimov 2, Ekaterina A. Morozova 2

! Privolzhsky Research Medical University, Nizhny Novgorod, Russia
2 “Orthopaedic Research Projects”, Nizhny Novgorod, Russia

Abstract

Background. Ballet dancers have peculiarities in the morphology of the hip joints, which is determined by their professional
activities. Therefore, they are more susceptible to the development of pathological conditions of joints, which often present
a specific clinical picture.

The aim is to demonstrate a rare structural damage to the hip joint capsule and iliofemoral ligament in a ballet dancer.
Case description. The patient is a 32-year-old professional ballet dancer. She noted pain and limited range of motion
in the right hip joint during her dance classes. Radiologic examination methods identified minimal anatomical features
characteristic of femoroacetabular impingement, and damages to the acetabular labrum and structures of the anterior
joint capsule. Pain and functional status were assessed using the VAS, HOOS, iHOT-12 questionnaires before surgery
and at 6, 12, 18, 24, 36 and 48 months postoperatively. During the surgery, correction of bone deformity of the hip joint and
all identified soft-tissue damages was successfully carried out. After 5 months, the patient returned to her professional
activities. According to the VAS score, pain decreased from 6 points to 0 at the follow-up time points. At the same time
a periodic slight aching pain after physical activities remained. During the follow-up, the functional status was assessed
as excellent according to the HOOS and iHOT-12 questionnaires. However, the patient noted slight limitations in the
range of motion when performing some professional exercises.

Conclusions. The presented clinical case demonstrates that patients with hip pain whose professional activity is associated
with extreme hip range of motion require special attention during clinical provocative tests and critical evaluation
of effective measurements when compared with the reference values of radiologic examination methods. In the present case,
arthroscopic correction of structural damages made it possible to achieve excellent functional results through the planning
and performance of surgical intervention taking into account the concept of microinstability.

Keywords: hip arthroscopy, microinstability, joint capsule, acetabular labrum tears, femoroacetabular impingement, ballet
dancers.
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BBEJEHUE

AprucThl 6ayeTa MofBepskeHbl MTOCTOSIHHBIM CITEeLy-
(uueckum Harpyskam, CBSI3aHHBIM C UX TMpodec-
CMOHA/IbHOWM [esiTebHOCThIO. Kpome 3TOro, um
MpUcylia SKCTpeMasjabHasl aMIUVIUTyga [BVOKeHUI
B CyCTaBax, B YaCTHOCTM Turepduiekcus, rumepaod-
OYKIUST U runepakcrensus. Tak, y apTUCToB Gasera
yamie, YeM B LIeJIOM Yy HaceleHMsI, BCTpe4aloTcs Jgere-
HepaTMBHbIe 3a0071€BaHMS U TOBPEXIEHUS XOHIPO-
nabpanbHOr0 KOMIUIEKCA BePTIYyKHOV BmamuHbl [1].
[lo [paHHBIM JIy4EBBIX METOLOB MCCAeLOBaHMS,
Yy TQHIIOBIIMKOB MMEIOTCS OTIMUMUTENbHble MOpPdO-
JIoTMYecKre 0COOeHHOCTM Ta300eqpeHHBIX CYyCTaBOB:
6osiee BBICOKME TIOKa3aTeslu IIeeyHOo-Iuadu3apHoro
yIJia, MeHbIIIMe 3HaUeHUs yIia o U yria Bubepra [2],
a Takke 60JbIINIT OceT rooBKM — IIeitku 6enpa [3].
S. Mayes ¢ coaBTOpaMu MPUIJIM K BBIBOAY, UTO AaH-
Hble OCOOEHHOCTM CIIOCOOGCTBYIOT DPAa3BUTUIO TMIa-
TOJIOTMYECKUX COCTOSIHUI, KOTOpble IIPOSIBJISIOTCS
60/71eBBIM CMHAPOMOM, TIO CYTU SIBJSIACH ¢heMopoa-
LeTabynsIpHbIM MMIMHIKMeHTOM (DAU) 6e3 kiac-
CMYEeCKOTO KOCTHOTO KomroHeHTa [4]. V.B. Duthon
¢ coaBropamu u F.C. Kolo ¢ coaBTOpamu, mnposenst
MarHMTHO-pe30HaHCHYI0 ToMorpaduio (MPT), o6Ha-
PYKWIIM CXOKYI0 MOP(hOIOTUI0 — BBICOKAST pacIpoc-
TPAaHEHHOCTb BepxHe-3aJHero XOHAPOIabpabHO-
ro gedekra 6e3 KocTHBIX mpusHakoB GAU [5, 6].
B mowienymouieM € MCIONIb30BaHMEM KOMIIBIOTED-
HOr'O0 MOJeIuMpoBaHus Oblia BBISIB€HA TUIEpIIpec-
CMSI CYCTaBHOrO Xpsilla B 3aJHEBepXHeM OThese
BEPTIY)KHOJM BIaAMHBI BO BpEMSI 3KCTpeMasbHBIX
IBVKEHUI TIPU 3aHATUM OaneToM, KOTOpask MOXKeT
CIIPOBOLIMPOBATh PAHHMUII JleTeHepaTUBHbINM MPoLecc
B Oefpe y TaHI[OBIIMKA [7].

B psime HayuHbBIX ITyOIMKAIMII COOOLIAETCS O CBSI-
3u @AW y TaHIIOBIIMKOB He TOIbLKO C ITIOBpeXAeHNeM
xpsiia [3], Ho U ¢ JedexTamu Iry6bl BEPTIY>KHOM Bra-
IMHBI Y HEeCTAOWIbHOCTBIO CYCTaBa, YTO IOATBEPK-
nmaetcst Y3U u MPT [8, 9]. [lo pesyabTaTam obcieno-
BaHUI OBUIO BBISIBJIEHO, YTO YYACTKU TTOBPEKIEHMS
ryObl BepTIy>KHOM BIIAAVHbBI HAXOAWINCH B BEpXHEM U
3aJHEBEpXHEM OTJejlax, YTO COOTBETCTBOBAJIO 30HAM
JIOK/IM3alUUM UMIIMHIKMEHTA, IPU 3TOM TaKXke OT-
CYTCTBOBaIM Kakue-Inmbo 0co6eHHOCTH B Mopdosio-
My Ta306epeHHOro cycrasa [8, 9].

Y. Singh c coaBTopamMu B cBOeM cucTemaTuyec-
KOM 0030pe CpaBHWIM 4acTOTy BcTpeuaemoctu GAU
Y apTHUCTOB 6ajieTa ¢ pacrpoCTPaHeHHOCTHIO ero Cpeiu
HaceJleH!s, He 3aHMMAlOLIerocs CliopToM, U NMPUILIN
K BbIBOZY 006 ux comoctaBumocty [1]. Tem He MeHee
V.B. Duthon ¢ coaBTOpamu, MpoBeAst aHAINU3 TaHHBIX
MPT, 06HapyskKM/IM, YTO YACTOTA MOBPEKIEHMS XPSIIa
TOJIOBKYM GefpeHHOIt KOCTM M 30HbBI ITepexo/ia TOIOBKYU
B IlleiiKy Oempa B 2-3 pasa Bbllle y OaJepuH, YeM Y

SKEHIIVH, He 3aHMMAIOIIMXCS TaHLaMu Ipodeccuo-
HanbHO [10].

Takum o6pasom, natorenes ®AU y apTucroB 6a-
JleTa, BEPOSITHO, OTJIMYAETCSI OT TaKOBOIrO Y JIIOJEi,
3aHMMAIOIIMXCS MHBIMM BUIAMM TaHLIEB UJIM CIIOP-
Ta, M OOYCJIOBJIEH CITeIU(PUUECKUMU IBUKEHUSIMU
B Ta300eIpeHHOM CYCTaBe.

Ilenv — geMOHCTpALMSI PEIKOTO CJIydasli ITIOBPEXK-
IeHMs CYCTaBHO KaIlCy/ibl Ta300eAPEHHOro CycTaBa
Y TIOAB3I0IIHO-OeAPEHHO CBSI3KY Y Oa/lepUHBI.

OIIMCAHUE KIIMHUYECKOI'O CIIVUAS

IMaumenTka 32 e, geiicTBylomas 6ajsepuHa, BO Bpe-
MsI TpodecCMOHATbHOM AesTeTbHOCTY CTajlia OTMe-
yaTh 60/lb M OrpaHMUYEHMe AMIUIUTYIbI IBVOKEHUH
B IIpaBOM Ta300eIpeHHOM CYyCTaBe, 10 MOBOMY Yero
HEOIHOKPATHO Oblla KOHCYJAbTUPOBAaHA pa3HbIMU
cnenuamicramu. IlanmeHTke ObUT TpeNioskeH Kypc
KOHCEPBAaTUBHOTO JIeUeHMs1, BKIIOUAOLIMIi ITpMeM He-
CTEPOUIHBIX IMPOTMBOBOCIAIUTENbHBIX Ipernaparos,
(dbusmoTepaneBTMUECKOE JIeUeHMe, 3aHATUS C peabu-
JIUTOJIOTOM, KOTOPBII MPOLOIIKAJICS B TeUeHMe 6 Mec.

B cBs13u ¢ coxpaHeHMeM 60/1eBOTO CMHAPOMA Taly-
eHTKa obpaTwiach B Hally KAMHUKY. [Ipy KiMHude-
ckoM obcmenoBanuy nmposonupymwoiue FADIR (Flexion
Adduction Internal Rotation) m FABER (Flexion
Abduction External Rotation) TecTsl ObUIM OTpUIIA-
TeJbHBIMM IIPU KJIACCUUYECKOI METOOVKE UX NTpOBene-
HUSL, Y TAIID ITPY MaKCYMMAaJIbHOM CrMbaHuy 6eipa BbI-
3BIBA/IN Y MAIMeHTKM 60JIeBbie OLIYIeHNS, B OTINYMe
ot Tecta HEER (Hyper Extension External Rotation),
COTIPOBOXKIAIOIIETOCS GOBI0 Y3Ke TPU MaJIbIX YIJIax
nepepasrubanust 6exgpa. Ilocsme mpoBeneHUs AOTION-
HUTEIbHBIX JIyUeBbIX MeTomoB obcaremoBanust (KT
1 MPT) 6bu1M BbISIBJIEHBI MMHMMAJIbHbIE aHATOMMYEC-
Kye 0CO0eHHOCTH, XapakTepHble ajist DAV cuugpoma:
yros oo — 58°, yron Bubepra — 34°, MHIEKC peTpoBep-
cum — 0,12,

HanbHerimuii aHanus cpe3oB MPT BbISIBUII IT0-
BpeXIeHNus Ty6bl BepTIY’KHOM BIAOMHBI, KaIlCyJIbl
cycTaBa U IepefHMX BOJOKOH IMOAB3AOUIHO-0eIpeH-
HOJ CBSI3KU.

Bbli0o MpUHATO pellleHue O MPOBENEHUM apTpo-
cKoruyeckoit koppekuuu DAV, BBINOJIHEHUM IIBA
CYCTaBHOI T'y6bl BEPTIY)KHOI BIIAAMHbBI M BOCCTAHOB-
JIeHUM LIeJIOCTHOCTU CTPYKTYpP MepenHeil CycTaBHOIA
KarcyJibl.

OteHky 6osieBoro cuHApoMa ¥ GYHKIIMOHAIb-
HOTO COCTOSIHMSI B IIpefoIlepallMOHHOM Ilepuone U
B KOHTPOJIbHBIE TOUKMU 6, 12, 18, 24, 36, 48 Mmec. mipo-
BOAW/IM C MOMOILBI BU3YyaJbHO-aHAJIOTOBOM LIKaJIbI
60 (BAII) 1 onmpocamnkoB HOOS (The Hip Disability
and Osteoarthritis Outcome Score) u iHOT-12
(International Hip Outcome Tool 12) [11, 12].
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Puc. 1. [IpegonepalioHHbIe PEHTT€HOIPAMMBI C PACUETOM:
a — ymia Bubepra; b — yra o

Figure 1. Preoperative X-rays with the measurements of:
a — Wiberg’s angle; b — o angle

|

Puc. 2. [IpegonepannoxnHsie MPT:
a — KopoHapHblit cpe3 T1; b — carurranbhblii cpes T1

Figure 2. Preoperative MRI scans:
a — coronary section T1; b — sagittal section T1

Xupypruueckasi TeXHUKa

B nonokeHuM naunyeHTa jexa Ha CIMHE C MSITKUM
yropom B ¢popMe yCeueHHOTO KOHYyCca B 06J1aCTH Mpo-
MEeKHOCTY OBLIM YCTAaHOBJIEHBI 0630PHBIN U MHCTPY-
MeHTaabHbIl opThl. [Ipu ocMmoTpe nepudepmyecko-
ro OTHena Ta306eIPeHHOT0 CyCTaBa acTpockomom 70°
U3 TPOKCUMMAJIBHOTO IepefHenaTepaJbHOTO MOpTa
BU3yalM3upoBaHa Oedurypaius IepegHenaTepanb-
HOJ Kafcynbl ¢ GopMupoBaHueMm JedeKra OKpyIio-
OBaJIbHOI (OPMBI 25%18 MM, THO KOTOPOTO BHICTJIAHO
CUMHOBMAIBbHOI 060/10uK0i. CycTaBHas ryba B mepeq-
HeJaTepaJbHOM OTHene Oblaa TUNepTpodUpoBaHa,
BBICTyNaja Ha 8—9 MM OT KOCTHOTO Kpasi BEPTIYKHO
BHaAMHBIL. [Ipu o1leHKe NepeHeNIaTepaabHOr0 OTL e/
TOJIOBKM OGepeHHO} KOCTU CYCTaBHAsl TTOBEPXHOCTb
ObUTa TIpPeNCTaB/ieHa IJIAAKUM POBHBIM CYCTaBHBIM
XpAMoOM 6e3 MPU3HAKOB XOHAPOMAISIUU U «60p03-
IIbI KOHTaKTa». Ko6/1aTopom 1 MSITKOTKaHHOI (pe3oii
1eiiBepa BBIMIOJHEH peu3 IepegHeHapyKHOI Cyc-
TaBHOJI KaICy/Ibl OT KOCTHOTO Kpasi C BU3yaniu3auuen
30HbI Pincer. C TOMOIIIbI0 KOCTHOTO 60pa IOf, KOHTPO-

siem DOII mpoBemeHa KoppeKius pincer-gedgopmanymu
(IpM 5TOM 3alIMTHBIA (uaHel 60pa HaIpaBIISICS
B CTOPOHY CyCTaBHO T'yObI, OTHABIMBASI €€ OT CEKTOPa
pe3eKIuu ¥ TIPENsSITCTBYS SITPOTeHHOV TpaBMaTu3a-
uun). Ilocne Tpakuuy HMXKHEN KOHEYHOCTU M BU3ya-
JIM3aLMY LIeHTPAIIBHOTO OT/esIa CyCcTaBa o6paliano Ha
cebs1 BHMMAaHMe MOBPEXKIEHME XOHIPO-1adbpaibHOTO
KOMILJIEKCa C 3jIeMeHTamMu GUOPUIIISILIMIA U pasBo-
JIOKHEHMSI Ha TIPOTSDKEHMM 25 MM mepemHeHapyxK-
HOTO OTAeNIa CYCTaBHOI moBepxHoCcTM labrum (coot-
BETCTBOBaJIa MpPOeKIuu pincer-medgopmanyu). Bout
OCYIIeCTBJIEH IIIOB CYyCTABHO I'yObI C MCITOIb30BAHMEM
TexHuKM labral base reconstruction u dukcarnuei Tpe-
mst Push Lock Mini 2,4x11,0 mm. [Tocie cHATHUS Tpak-
MY HUKHIOK KOHEYHOCTD COTHYI/IM B Ta300€IpeHHOM
cycraBe 10 30°, aCTPOCKOM MepeMelleH B MepegHuii
TOPT, Yepe3 NPOKCUMAJbHBIN IepeaHe-IaTepaabHbIi
TIOPT BBEMIEH IIeiiBEP C MATKOTKAaHHOI (pe3oii. B 06-
yacT nedeKxra CyCTaBHONM KarcCyJbl yaajieHa CMHOBY-
aspHas 060JI0UKa, BUSYATM3UPOBAH TTOBPEXKIEHHBIN
(dbparmeHT CyCTaBHOJ KaIlCy/Ibl C IOAB3HOIIHO-0e/-
peHHOJi cBsI3KOJ. IlombITKAa BhIBEIEHUSI (parMeHTa
K 06/acTV TPUKpEeIUIeHWS] Ha TOAB3IOINIHON KOCTU
He TMPUHECIAa JKeJaeMOro pe3yibraTa. ApPTPOCKON U
mieiiBep TmepeBeleHbl SKCTPAAPTUKYISIPHO K ob6ia-
¢t gedexra, BBIIOIHEH pen3 (parMeHTa KarcyJibl
OT py6IIOB M claek, ¢parMeHT pacIipaBiieH, IuacTas
MIPYU TIOTIBITKE BBIBEJEHMSI K OOIACTM MPUKPEIIEHMS
COCTaBMJI OKOJIO 3 MM. C IMOMOIIBIO [IEHETPUPYIOLLETO
rpacrnepa 6bUIO BBIIIOJIHEHO IpOIIMBaHKUe (parmMeH-
Ta Karcyibl [1-o6pasHo apymst HutsIMu Fiber Wire 2.
3aTtem 6empo coraynu 10 50°, B paHee chOpMUPOBaH-
Hble 2 KaHaja Iof 6e3y3/ioBble aHKepHbIe (uKcaTo-
pbl Push Lock 3,5x19,5 MM Ha MOAB3AOIIHOI KOCTU
BBeJleHbl aHKepHble (MKCATOPBI C 3aIIpaBIeHHBIMU
HUTSIMM, OOCTUTHYT TIONHBI KOHTakT (parmMeHTa
Kamcysabl ¢ KOCTHOM MOBepXHOCTBhIO. [locime OkOHYa-
TeJIbHOM (bUKCAIMM aHKEPOB BBHIMOJIHWIN HECKOIbKO
LIVKJIOB CrMOaHMSI-pa3TMbaHus HYDKHEN KOHEUHOCTH,
BU3YaJIM3MPOBAIMCH IeIeBUaHbIE AedeKThl B 0b1ac-
™ ¢ukcanuu 1o 2-3 M. [locaenyomue TBUKEHUS
HIKHE KOHEYHOCTBIO He MPUBEJU K IOTepe YPOBHS
dukcamyuu. TakuM 06pasoM, BO BpeMsl XUpypruyec-
KOJ ceccuy ObLIa BBIMOTHEHA KOPPEKIMSI KOCTHBIX
OCHOB Ta300e[IpeHHOr0 CYCTaBa, YCTPaHEeHbI TTOBPEsK-
IIeHUSI CYyCTAaBHO TYOBI U TIepeJHEeHAPYKHOI KarCyJIbl
C MOJB3IOIIHO-6eIPEHHOI CBSI3KOIA.

INocneonepanMOHHBIN MEPUOS,

B paHHeM IoceornepanMOHHOM Ieproe MalyeHTKa
MpoxoAuiaa Kypc peabuauTanuy I0 CTaHAZAPTHOMY
MIPOTOKOJTy, KOTOPBII BKJIOYAI OrpaHMYEHME OCEBOM
Harpysku u crubanust 6empa 6omee 90° B TeueHue
ogHOro Mecsia. Yepes 2 mec. mociae onepamnum emie
COXpaHsuIach HeboJbIIass Xpomorta. I1o MmpoiiecTBumn
3 Mec. malyeHTKa MOIJIa VICIIOJIHUTD IOIHbIN IITarat
u ynpaxkueHue fondu, mpu KOTOpOM TaHIIOBIIMK MeJ-
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JIEHHO BBITIOJIHSIET IIMeE (ITPUCefaHue) C OMHOBPEMEH-
HOJI poraimyeitr 6empa KHapyxu. [Tocie IIUTENIbHOI
(usMyeckoit HarpyskuM BO3HMKaJI HeOOJBIION AuC-
KoMOpT 110 ITepeIHe i TOBEPXHOCTU OIIEPUPOBAHHOI
KOHEYHOCTH. B 3T0 BpeMmsi maijeHTKa y>Ke pUCTyImia
K pemleTMUMsIM B TeaTpe U CITyCTS 5 Mec. BepHy/ach
K BBICTYIUIEHMSIM Ha ciieHe. [Io pe3ynbTraTam omnpoca
yepe3 6 MeC. IIOTHOCTbIO OTCYTCTBOBA/IM KaJI00bI Ha
607b MM OUCKOM@OPT, MPUCYTCTBOBAIO HE3HAUM-
TeJIbHOE OTpaHMUYeHye BO BpeMs crubaHus 6emapa, He-
BO3MOXHOCTb CONPUKOCHOBEHMS MepefHeil MoBepx-
HOCTM OTIEpUPOBAHHOrO 6efipa 1 repeaHei 6pIoIHo
creHku. CITycTsI 8§ Mec. alMeHTKa CMOIJIa BbITIOTHUTD
unarat B IpbDKKe. Uepes rof, mocjie Xupypruueckoro
BMeIllaTe/IbCTBA MalMeHTKa UCTIONHSIA TPaKTUUeCKn
BeCch CBOJi perepryap, He MCIIBIThIBAS KaKuX-11b0
3aTpygHeHuii. OgHAKO C TOUKM 3peHus Ipodeccuo-

100

80

60 -

40 +—

20 +—

HaJIbHBIX TPeOOBaHMII MPUCYTCTBOBAJIO HEOOJbIIOE
CHIM>KEHMe aMIUIUTYAbI B PaCTsKKe U IPU pa3BeeHun
HOT B MpbDkKe. Takke MpoM30ILIa CMEeHa Beayllen
HOT'M TIpU BBITIOJIHEHUU ITIarata, OTMeuasaach jJerkas
HOIOIIAsT 6O0Jb, MePUOAMYECKM BO3HMKAIOMIAS TTOCTIe
10 TBIC. 111ArOB.

VIHTeHCUMBHOCTb 60JieBOro cuHApoma 1o BAIII
marMeHTKa OIleHuBa/lia Ha 6 6aJIJIOB A0 Omepanumn
1 Ha 0 — mocjie TpOBeeHHOTO JeYeHus Ha MPOTs-
SKEHUM BCEro Iepuoja HaOIoAeHNUs] B KOHTPOJb-
Hble TOYKU. CTOUT OTMETUTb, UYTO O XUpypruue-
CKOr0 BMeIIaTe/bCTBA 60jIb 6eCroKoMIa TOJBKO BO
BpeMs 3aHATUII Oanetrom. [To pesynbTaTaM ompoca
0 GYHKUMOHAIBHOM COCTOSIHMM OIEepUPOBAHHO-
ro CycTaBa, MPOBOAMBIIETOCS C TOMOIIbIO IIKaj
iHOT-12 u HOOS, Habmiogancs pocT mokasaTeseit
MOCJIe BBIMMOJIHEHMS oniepanuu (puc. 3).

Puc. 3. Pe3y/ibTaTsl OLLlEHKU
(PyHKIIMOHATBHOTO COCTOSTHUS
B KOHTPOJIbHbIE TOUKU

Figure 3. Results of functional status
assessment at the follow-up time points

18 mec. | 24 mec.

iHOT-12 = HOOS

Ho 6 mec. 12 mec.

B TeueHue yeThIpexJI€THETO IIepMoia Hab/oaeH s
MTOJTyYeHHbIN pe3ynbTaT B 6ajljlax 0 MCII0b3yeMbIM
1IKajaM MHTepIpeTUpPOBa/IM KaK OT/IMYHbIe. B mocie-
OIepallMOHHOM IIepuojile MaKCUMMaJIbHBIN OaT 1o
mrkaje iHOT-12 6b11 JOCTUTHYT B 36 Mec., mo HOOS —
B 24 Mec. B Ipyrux KOHTPOJIbHBIX TOUKAX HAOGMIONAIN
He3HauuTesjbHble M3MeHeHMs. B 36 1 48 mec. nanu-
€HTKa OTMeyuasa Jierkue 3aTpyJHeHUs TIpU BHYTPEH-
Heil poTanuu.

OBCY>XIEHUE

Hambosnee vacToil MpUUMHOM BO3HMKHOBEHUSI OOIMU
B 06/1acTM Ta300eIpeHHOr0 CyCcTaBa y MOJIOIbIX Ia-
uyeHToB siBisiercst DA, mpuuyem mosiBiieHMe 60-
JIEBOTO CMHApPOMA CBSI3aHO C TOBPEXZEHMEM TyObl
BepTIY)XKHOI Braguusl [13]. Pincer-nedopmarus 8-
JIIeTCSI TIPUUYMHON pasgaBIMBAHUS CYCTABHONM TyObI
C IOCJ/IeAYIOIIMMMY lereHepaTUBHbIMY M3MeHeHUSIMMU :
(opmupoBaHKeM MUKPOTPENIVH U KaabLM(PUKATOB
B ee tomime. Cam-medhopMaiiusi IPUBOIUT K Pas3phl-
BaM XOHJPO-1abpasbHOrO KOMILIEKca B IepegHe-
BepXHEM CerMEHTe C ITOCTEIeHHOI OTCIOMKOM CyC-
TaBHOTO Xpsia [14].

36 mec.

48 mec.

CrnemyeTr o6paTuUTh BHMMaHMe Ha TO, UTO OGHApPY-
SKeHUS Y MallMeHTa peHTreHoMOIrMUeCKMUX IPU3HAKOB,
XapakTepHbIX s DAV, HelOCTaTOYHO [JIs1 IIOCTa-
HOBKM IMarHosa Mpu OTCYTCTBUU KIMHUYECKUX IIPO-
sBiaeHuit. IIpy stom mopdonormyeckne BapMaHThI
CTpOeHUSI Ta300eqpeHHBIX CYCTABOB, XapaKTePHbIE
st @AY, mipencTaBiIsSIIOTCS OCTaTOYHO YaCTHIM SIB-
neHueM. Tak, peHTTeHONIOTUYeCKUil CKpUHUHT 2081
CTYIleHTa, [IPOBeleHHBIV IPYIIIIOi Mccief0BaTeneil U3
Oxcdoppa Bo miaBe ¢ L.B. Laborie, BoIIBUI Hayiuume
repekpecTta rnepenHeii 1 3agHell CTeHOK BePTIY>KHOM
BIaAVHBI (TTpU3HAKa cross over) y 446 (51,4%) myk-
yuH U 542 (45,5%) skenmuH [15].

ITo panubiM H. Vahedi ¢ coaBTopamu, y 41-43%
MAalYeHTOB C PeHTreHOJIOTMYeCKMMM IpPU3HAKaMU
®AU umenoch MOBPeXIEeHNE TYObl BEPTIYKHOI BI1a-
IVIHBI, IPMYEM OIPOILEeHHbIE HE OTMeYaau IUCKOM-
dopta 1 6011 B MOBCEAHEBHO XXMU3HU [16].

B mpencTraBieHHOM KIMHUYECKOM Ciydyae Ialu-
€HTKa MCIBIThIBAJA 00b UCKIIOUUTEIBHO BO BpeMs
TaHIla ¥ He OTMeuasia ee BHe MpodeccuOHATbHOMN
nestenbHOCTY. [Ipy 06C/IeOBaHNY GbUTM BbISIBJIEHBI
peHTreHoJIoTMYeCKMe TIpU3Haku pincer-gedopmanymu
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C HeOONBIIMM WMHIEKCOM peTpoBepcuu Ipu pede-
PEHTHOM 3HaueHuMu yria Bubepra u cybHOPMaJIbHOM
3HAYEHMUM YIVIA o. B MOmOOHBIX C/Tydyasx XapakTep-
HBIM SIBJISIETCSI HajauMuue TOBPEXKIEHUSI CYCTaBHOM
ryobI Ha BBICOTE pincer-gegopMarniy Ha MPOTSSKEHUN
5-7 MM. B omyuchiBaeMOM CTyyae MHTpAOIepalioH-
HO ObUIM BBISIBJIEHBI Pa3pbiB HA MPOTSIKEHMM 25 MM
U TOBPEXIeHMEe CYCTAaBHOM KarCylbl ¢ BOJOKHAMM
MMOAB3A0IIHO-6empeHHO cBsa3Kku. V.B. Duthon c co-
aBTOpaMM OOBSICHSIIOT ITOJOOHOE MOBPEXIEHNE CYC-
TaBHOJ I'yObl aHOMAaJIbHBIM OeIpPEeHHO-BEPTIYKHBIM
KOHTAKTOM IIpU 9KCTPEMATbHOM aMIUTUTY/Ie IBUKe-
HMIT B Ta306epeHHOM cycTaBe. [laHHbI BbIBOM, ObLI
cAesaH Ha OCHOBeE oIrpoca U obcimemoBanms 20 apTu-
cToB bGasieTa, 12 13 KOTOPBIX MMeEJIU KajJ00bl Ha 6OJb
B IIaxy U B Ta300eAPEeHHbBIX CYCTaBaX MMPU ABVMKEHU-
SIX, CBSI3aHHBIX C rumnepabgykuymen umu runepdiex-
cueli B COUETAaHMM C HAPYKHOI poraumeii 6empa.
ITpu sToM Mopdoaornyeckue 0CO6EHHOCTU B BUIE
medopmarnuy cam-tumna ®AU 6bUIM TOTBKO Y OFHOTO
nanuenTa [10].

JleyeHne TAIMEHTOB C BBICOKMMM (YHKIMOHATb-
HBIMM 3aIlpOCaMM BCETAA SIBJISIETCS CJIOKHOM 3amaden,
U 1py He3DPEKTUBHOCTM KOHCEPBATUBHBIX METOIOB
TpebyeTcsl TpuUMeHeHMe Haubonee 3(PPEKTUBHbIX
¥ HayMeHee TPaBMAaTUYHBIX MeTOIMK. Bosbiie Bcero
3TUM TPeOOBAHMSIM COOTBETCTBYET APTPOCKOITMS Ta30-
6epeHHOTO CycTaBa. B murepaType OCTaTOYHO PeKO
BCTPEUaroTCs IMyOGmmMKayy, OCBEeNaoIye pes3yIbTaThl
apTPOCKOMYECKOTO JIeUeHMs TaTOIOTUM Ta300epeH-
HOTO CycTaBa y ITpo(decCHOHaTbHBIX TAHI[OBIIMKOB.
Heckonbko wmccneqoBaHuii, MPOBEIEHHBIX B Hayaie
u cepenyHe 2000-X IT., COOOIIAIOT O CPeTHMUX ITOKA-
3aTeNsIX BO3BpAIleHMSI K MPUBBIYHON IeSITETbHOCTHU.
B perpocniektuBHOM nccinegoBanumu C.M. Larson ¢ co-
aBTOpaMM, BKIIOUMBIIEM 63 ITPOQeCCHOHAbHBIX TaH-
LIOBIIVKA, BCE MMAIYIEHThI MCIIBITBIBAIN O0Jb B 06/IaCTI
1ax0BOJ CKIaIKV, KOTOPast BO3HMKAJIA BO BpeMs 3aHS-
THit TaHmamMu. [Ipaktudecku y 95% 6GbUT BBISIBJIEH cam-
i @AW C CONMYTCTBYIOIIMM MOBPEKAEHUEM TyObI
BEPTIY;KHOJ BIIAAMHBL. 32 TPEXJIETHUIA IIepMOo[, HabII0-
OeHus 63% MalyeHTOB BOCCTAHOBMIMCD U TIPOAOJIKIA-
JIY 3aHSITHS TAHIIAMM Ha IIPEKHEM YPOBHE, 21% nmMenu
orpaHmueHus 1 16% He CMOIVIM BEPHYTHCS K TPESKHUM
Harpyskam [17].

C Teuenuem BpeMeHM 3(P(HEKTUBHOCTb apTPOCKO-
MMMYECKO MeTOOMKM 3HAYUTeNbHO Bo3powia. Tak,
B pabore G.C. Ukwuani ¢ coaBTopamMu, OnyoMKOBaH-
Holt B 2019 r., 3 66 TaHIIOBIIMKOB, IIEPEHECIINX ap-
TPOCKOMMIO Ta300eqpeHHOro cycraBa, 97% cmMorau
BO30OHOBUTh MNPO(ECCUOHAIBHYIO HesITeIbHOCTh, B
ToM uncie 41 aptuct 6anera u3 42 BEpHYJICS B IIPO-
(eccuro mocie omepanyu. Y Bcex IMAaIlMeHTOB ObLIU
IMarHOCTVMPOBAHBI TMOBPEXAEHMUSI T'yObl BEepPTTYKHOM
BIIQAVMHbI, HAJIMYME TTPU3HAKOB cam-aedopmManyy BbI-
sIBJIEHO B 92% ciydaeB, Tumna pincer — B 84%, moBpex-
neHue xpsa — B 38%. CpenHsist IIPOJODKUTENTbHOCTD

repuoga BO3BpalleHMsT K TaHIlaM CocTaBuiaa 6,9+29
mec. Taxske ObIJI0 OTMEUEHO, UTO 60JjIee OIbITHbIE TaH-
[OBIIMKM BO3Bpalllauch K TaHIaMm ObicTpee [18]. B
HallleM HAOMIoNeHNM MalMeHTKa BO30OHOBMIIA CBOIO
MpodeCcCHOHATBHYIO IeITEIbHOCTD Uuepes 5 mec. mocjie
oriepanymn.

Crosnb sIBHAS pa3sHUIIA B pe3y/IbTaTax JIieueHus T1a-
[IMEeHTOB, IO-BUAMMOMY, CBSI3aHa C Pa3BUTMEM Kak
CaMOIl apTPOCKONMMUYECKOV METOAUKU TPU JI€UEeHUU
MaToJIOTUY Ta300eApPeHHOT0 CyCTaBa, TaK M XUPYp-
UM IOBPEXIEHUI CYyCTaBHOM I'yObl. B McciemoBaHum
C.M. Larson ¢ coaBTOpamu IIpu OLIEHKE Pe3y/IbTaTOB
JledeHus]  TalMeHTOB, OIMEePUPOBAHHBIX B IIE€PUOL,
¢ 2008 o 2016 r., oTHaBanoCh NMpeAIouYTeHNE pPe3eK-
MY HeCTaOMIIbHBIX hparMeHTOB [17], B TO BpeMsI Kak
G.C. Ukwuani c coaBTopamu B riepuop, ¢ 2012 o 2016 .
IIOB WJIM PEKOHCTPYKIMIO TYObI BBITTOMHSIIA ITPAKTH-
yecky B 100% ciryuaes [18].

Kpome Toro, B TeueHue MoCIeHETO AECITUIETHUS
McClieloBaHMsI B 00JIacTy 6MOMeXaHKM Ta306eqpeH-
HOTO CYCTaBa AEMOHCTPUPYIOT 3HAUUTEIBHYIO POJIb
CYCTaBHOIJ KarlCy/ibl, 0COOEHHO COCTOSIHMUSI ee Tepes-
HEHAPYKHOTO OTHeNa, B IOCIeONepanoHHbIX pe-
3y/IbTaTax JeUeHUs.

B dbopmupoBanum Karicy/bsl 6empa yuacTBYIOT TPU
CBSI3KM — CeaauIIHO-6epeHHast, T0OKOBO-6eqpeH-
Hasl, ITOAB3A0NTHO-0eIpeHHAasT, X 3afadeil SBISeTCS
craTudeckas crabwimsanus 6empa [19]. CemanuiiHo-
ObempeHHasT CBSI3KA KOHTPOJNIMPYET BHYTPEHHIOK
poTtaumio npu crubanuu u pasrubanuu. JI06KOBO-
6empeHHAasT CBSI3KA OTPAHMUYMBAET UYpe3MepHOe OTBe-
IeHue U BpamleHue Gempa KHapyxku. [IogB3goIIHO-
OenpeHHasl CBSI3KA B KOMIUIEKCE C CYCTaBHON ry6oit
BEPTIY’KHOM BIAAVHBI KAK BTOPUYHBIM CTaGMIN3aTO-
POM TIPENATCTBYIOT Ype3MEPHOMY IepepasrubaHnio,
poTauuyu U CyoOIIOKCcalUy roJIOBKM O6eIpeHHOl KOCTU
KIIepenn.

ITo pesyapTaTaM CUCTEMAaTUYECKOro 0630pa, BbI-
nonHeHHoro V. Ortiz-Declet ¢ coaBTopamm, 6bLIO
BBISIBJIEHO, UTO BOCCTAHOBJIEHME KAaIlCy/Ibl CyCTaBa
MIPUBOAUT K JIYUIIMM KPATKOCPOYHBIM KIMHUYECKUM
¥ 6MOMeXaHNYEeCKUM pe3y/IbTaTaM, a TakKKe CTabuIb-
HOCTM CYCTaBa IOCJIe apTPOCKOIMM IO CPABHEHMIO
c omepanuei 6e3 ee BoccraHoBieHus [20].

Yamie BCero BMellaTeIbCTBA HA CYCTaBHOM Karl-
CyJle paccCMaTpPUBAIOTCSI B KOHTEKCTE BBITIOTHEHMS
KaTCyJIOTOMUY MPY ITPOBeIeHUM apTPOCKOIIUY Ta30-
6eIpeHHOr0 CyCTaBa WM KaK OJHOV U3 IIPUYNH PEBU-
3MOHHOJ apTPOCKOMMUYECKON Xupypruu. B mpencras-
JIEHHOM (JIydyae pacIpoCTpaHeHHOe IOBpekaeHne
CYCTaBHOJ I'yObl M IOAB3HOOIIHO-O0EIPEHHOI CBSI3KHA,
BEPOSITHO, 00YCIOB/IEHO (OPCHMPOBAHHBIM Ilepepas-
rmbaHueM Oefpa C COyoapeHMEM B 3aJHEM OTHese
Ta306eqpeHHOTO CYCTaBa, MOCAeAYIOMEeil CyOoKca-
1IMeli TOJIOBKM Oefpa KIlepeay ¥ XpOHMYECKOi TpaB-
MaTu3auyei 3TUX CTaTUYECKUX CTAOUIU3UPYIOMINX
CTPYKTYp BO BpeMsl IMpodeCcCMOHATbHON [esTeNlb-
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HOCTM TauyeHTKU. OZHAKO MpU U3YyYEeHUU HAYUHBIX
cTaTeit, MOCBSIEHHbIX apTPOCKOIIMUECKOMY JIEUeHUIO
Ta306edpeHHBIX CYCTaBOB Y apTUCTOB OaieTa, momo06-
HBIX 0COGEHHOCTeJi He ObIJI0 OMMCaHO, UTO II03BOJISIeT
CUMTATh CIy4ait JOCTATOYHO PEIKMUM.

OmnycaHHbIN MeXaHU3M OBPEXAEHNUI CXOXK C KOH-
Lenuyeii MUKPOHECTAOMIbHOCTU Ta300eIpeHHOro
cycraBa, KOoTopasi 6pl1a chOpMY/IMPOBAHA eIlle B Ha-
yayie 2000-x rr. OHa MOKeT OGbITh OOYCJIOBJIEHA WU
HECOCTOSITEJIbHOCThIO CBSI30UHOTO KOMILJIEKCA U MSIT-
KX TKaHe, MPUBOASIIEN K M3IUIIHEN TTOABMKHOCTU
37IEMEHTOB CyCTaBa, WM ITOTPAaHUYHONM AUCILIa3uen
[21, 22]. B kavecTBe COITyTCTBYIOLIMX ONMUCHIBAIOT-
CSI TIOBPEKAEHMS CYCTaBHO TyObI, KAICy/bl CycTaBa
u mpwiekamyx mbim [13, 21, 22]. B cBoeit pabore
aBTOpBI TaKke 0OOpamIalOT BHMMaHME HA KPUTEpUit
IMArHOCTUKU: TIOJIOXKUTEbHbIN pe3yabTaT KIMHNYe-
ckoro Tecta HEER MoKeT cBUIeTe/NIbCTBOBATb O Ha-
auuuy HectrabmiabHOCTM [21]. TIpuMeuaTenbHO, YTO
3TOT JKe TeCT YacTOo SIBJSETCS MOMOXKUTENbHbIM Y Ta-
LIMEeHTOB, KOTOPBIM IO 3aBepIlieHMM apTPOCKOMUU
Ta306eqpEeHHOTO CyCTaBa He GbUT BBIMOIHEH OB CyC-
TaBHOI KarCyJbl.

Cnenmyst KOHIIEMIIMY MUKPOHECTAOMIBHOCTM Ta30-
6eIpeHHOT0 CyCTaBa, MOSKHO MTPEATIONOKUTD, YTO CyC-
TaBHas KallCy/ia ¢ BOJIOKHAMM TOAB3OITHO-6eapeH-
HOVI CBSI3KM, SIBJISISICh CTATUYECKMUM CTaOMUIM3aTOPOM,

JOIIOTHUTEJIbHASI THO®OPMALIMISA

3asnenexHslii 6K1a0 asmMopos

Bce aBTOpBI cAenany 3KBUBAJIEHTHbBIM BKJA[M B MMOATO-
TOBKY ITyOIMKALIUM.

Bce aBTOpBI TpowIn 1 ono6pman GUHATBHYI0 BepCUI0
PYKOITMCH CTaTh!. BCe aBTOPBI COIIACHBI HECTM OTBETCTBEH-
HOCTh 3@ BCE€ aCIeKTbl PaboThl, YTOOBI 06ECIIEUNUTDb HaJJIe-
Kalee pacCMOTPEHME U PEIIeHME BCEX BO3MOKHbIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAEKHOCTHIO JII060i1
yacTu paboThI.

Hcmounuxk  ¢uHnancuposaHus. ABTOPBI  3aSIBISIIOT
06 OTCYTCTBUM BHeNTHEr0 GDMHAHCUPOBAHMS IIPU MTPOBee-
HUU UCCIEeN0BaHMS.

Bo3moskHblli KOH(pAUKM UHMmMepeco8. ABTODBI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX U MOTEHIMATbHBIX KOHGQINKTOB
VMHTEPECOB, CBSI3aHHBIX C MTyO/IMKaLMeli HaCTOSIIEe CTaTh.

Amuueckasn 3kcnepmu3a. He ipyumeHumMa.

HngopmupoeanHoe coznacue Ha nyonukayuio. ABTOpbI
MOTyYM/IM TIMCbMEHHOE COIIacye Mal[MeHTa Ha MybiMKa-
M0 MEIUIIMHCKMX TaHHbIX U M300paskeHMiA.
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Pedepar

AxmyansHocms. OGHOMOMEHTHbBIE [BYCTOPOHHME TepeioMbl Illeek 6eJpeHHbIX KOCTeil — IOCTaTOUYHO penKkasi TpaBMa.
B nmuTepaType omnycaHbl efMHUYHBIE CTy9ay B pe3y/ibTaTe HU3KOIHePreTMueCcKOro BO3IeiiCTBMSI.

Ilens — memMoHCTpaIys BbIOOPA TAKTUKY JIeUeHUSI TTOKMIOTO MallMeHTa C ONHOMOMEHTHBIM GMIaTepaabHbIM II€PeIOMOM
Ireexk 6eIpeHHbIX KOCTeiA.

Onucatue ciyuas. [TauyeHTKa 84 j1eT B pe3y/nbTaTe MaJieHus C BbICOTbI COOCTBEHHOI'O POCTa MOMY4YNMIa OAHOBPEMEHHO
repesioMblI IlleeK 06enx 6elpeHHbIX KocTeil. Bbula JocTaB/ieHa B IpUeMHOe OTAe/leHye 60bHUIIBI CKOPOI MeJUIVTHCKO
IIOMOIIIY, TAe Ha OCHOBAHMM KIMHUYECKOTO OCMOTPA U PEHTIeHOJOTMUYECKOTO MCCAef0BaHMsI OB IMOCTaBIeH JMarHO3.
[Mocie moobciienoBaHus B OTAeNeHUM U MIPU OTCYTCTBUM JeKOMIIEHCALMM COMYTCTBYIOIIeH MaToNoruu B TeueHue 24 4.
C MOMEHTA MOCTYIUIeHNS MalyieHTKe GbII0 BHIITOJIHEHO OJHOMOMEHTHOE T0C/IeloBaTe/bHOe YHAOMPOTe3MPOBaHMe 060-
MX Ta300eIpeHHBIX CYCTaBOB C MCIIOIb30BaHMEM MOAYIbHBIX MOHOTIOSIPHBIX TeMUIHIOIIPOTE30B B OJHY OlepaliOHHYIO
ceccuio. TTanmeHTKa O6bIIAa aKTUBU3MPOBAHA Ha CJlefylollyie CyTKM, a HA MOMEHT BBIIIMCKY, Ha 5-71 eHb Mocie omnepa-
LMY, MOIJIA CAMOCTOSITE/IbHO MTepeBUTaThCsl, UCIIONb3YSI CPeACTBA NOTIOTHUTEIbHOI OMOpshl. Pe3ynbTaT ieueHus: olleHeH
B CPOKM HabmomeHus: 3 u 12 Mec. ¢ MOMeHTa orlepaluu U Ipu3HaH yIOBIeTBOPUTENbHBIM. Yepe3 Tof ocie onepannn
MalyeHTKa CaMOCTOSITeIbHO MepeBUTAeTCsI, BBIXOOUT Ha YAUILY C TPOCTbIO 6e3 COMPOBOKAEHMSI.

3axnouenue. OmyICaHHbIT HECTAHIAPTHBIN KIMHUYECKUH cTydyait TpebyeT 0co60To MoAXo[a K BbIOOPY MPaBUIbHON Tak-
TUKU JieueHMsl. MesKIMCUUIUIMHAPHBIN TTOAXO0M, U UCIONb30BaHMe MUHMMAIbHO TPAaBMATUUYHBIX METOAMK OMepaTUBHOIO
JlevyeHusi, TIO3BOJISIIONIX 00eCcreunTh CBOEBPEMEHHYIO aKTUMBM3ALMIO MMOXKMUIOTO MAlMeHTa, SIBJASIOTCS IPUOPUTETHBIMMU
B MTOJ06GHOI CUTYaL[UU.

KimoueBbie ¢jioBa: MepeioM IMPOKCYMATIbHOTO OTAea 6epeHHOl KOCTH, TTIOKMIbIe TTallMeHThl, IepeioM Ieiiku 6empeH-
HOJi KOCTH, TeMUaPTPOTUIACTUKA, ABYCTOPOHHYE TIEPETOMBI.
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Simultaneous Bilateral Fracture of the Femoral Neck
in a Senile Patient: A Case Report

Mikhail V. Belov!2, Sergey V. Rassamakhin?, Ksenia Yu. Belova 2,
Khatia G. Gordzheladze!, Yuriy M. Vedeneev'

IClinical Emergency Hospital named after N.V. Solovyov, Yaroslavl, Russia
2Yaroslavl State Medical University, Yaroslavl, Russia

Abstract

Background. Simultaneous bilateral femoral neck fracture is quite a rare injury. The literature describes single cases of such
trauma occurrence as a result of low-energy exposure.

The aim is to demonstrate the choice of treatment tactics for a senile patient with simultaneous bilateral fracture
of the femoral neck.

Case description. An 84-year-old patient suffered simultaneous fractures of both femoral necks as a result of a fall from
a height of her own height. She was taken to the emergency department of the hospital, where the diagnosis was made
based on a clinical and X-ray examination. Within 24 hours from the patient’s admission, after further examination in the
department and due to the absence of concomitant pathology decompensation, single-episode sequential bilateral hip
arthroplasty was performed using modular monopolar hemiprostheses. The patient was activated on the following day.
At the time of discharge, on the 5" day after surgery, the patient was able to move independently using additional support.
The treatment result was assessed within 3 and 12 months of follow-up and was found satisfactory. A year after the
surgery, the patient moves independently, goes outside with a cane without being accompanied.

Conclusions. The described non-standard clinical case should be paid a special attention when choosing the right treatment
tactics. An interdisciplinary approach and the use of minimally traumatic surgical treatment techniques to ensure timely
activation of a senile patient are the priorities.

Keywords: proximal femoral fracture, elderly patients, femoral neck fracture, hemiarthroplasty, bilateral fractures.
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BBEJEHUE

Ha ceromusimnmit neHb HaOII0IAETCSI CTPEMUTENIBHOE
yBeJIMueHue MOM TIOXKWUIIbIX JII0Aeil BO BCeM MUpe.
Haunnast ¢ 50-y1eTHero Bo3pacra, Kaskast TpeThsI sKeH-
IMHA M KQOKObIM MATBIA My>KUMHA B TeUeHUE OCTaB-
meiics XKU3HU TePEeHOCIT XOTSI Obl OIVH TIepesIioM,
acCoOLMMPOBAHHBIN C ocTeonnopo3oM [1]. Oxxupaercs,
YTO TOJIBKO 3a CUET 3TOro ¢akTa KOJMYECTBO HU3KO-
SHepreTUYeCcKuX epejoMoB MPOKCMMAaIbLHOTO OTAeNna
6enpenHoit koctu (ITTIOBK) B Poccuiickoit denepatinm
yBenmuutcs ¢ 2010 o 2035 1. Ha 40% [2, 3, 4, 5].

V a6CcomMoTHOTO 6O/IBIIMHCTBA MMAIMEeHTOB NPy Ta-
nenuu [IIOBK ciyyaeTcst ¢ ogHOI CTOpOHBI. [IepBbie
MyOMMKaluyM, B KOTOPBIX IOSIBUJIMCH COOOILIEHUS
o Bo3HukHoBeHMM IIITOBK 0gJHOMOMEHTHO C 00eux
CTOPOH, NOosABUAUCH B 1960-e IT., M 5TU Ciyyau Kaca-
JIUCH TTallMeHTOB, Y KOTOPBIX /IS JledeHUs TIcuxmuyec-
KUX PacCTPOICTB MPUMEHSJIaCh 3IeKTPOCYIOpPOXK-
Has Tepanud [6]. Kpome Toro, B 1utepaTtype MOXHO
BCTPETUTb COOOINEHMSI O IBYCTOPOHHUX IMEpeIoMax
IAHHONM JIOKaJIM3alyy MpU HaAPYUIeHUSIX KOCTHOIO
MeTabon3ma, Takux Kak ocreomansiius [7, 8], nebu-
uuT Butamuua D [9, 10], ninTenbHas IIIIOKOKOPTUKO-
crepoupHas Tepanus [11, 12, 13]. OnucaHbl Takke U
oTyday TIOIy4eHUs TakuX IepeioMOB y TallieHTOB
C OCTEONOPO30M, Yallle y JINL CTapLIMX BO3PaCTHBIX
TpYIIII.

Llens uccnedosanus — meMOHCTpalMs BbIOOpA Tak-
TUKU JIeYeHUs TOKMIIOTO TaljMeHTa C OHOMOMEHT-
HBIM OMJIaTepasbHBIM I€PeIOMOM IeeK 6eIpeHHbIX
KOCTeIA.

OIINCAHME KIIMHUYECKOTI'O CJIYUAA

MsbI mipencTaBisieM Ciay4yalt OZHOMOMEHTHOTO Ou-
JlaTepaJbHOTO TepesioMa Ieek GegpeHHBbIX KOCTeit
y nanuenTku 84 jet. OHa 6bLIa TOCIUTANU3UPOBA-
Ha B [AY3 {40 «Kb CMII um. H.B. CosoBbeBa» uepes
12 4y. mocsie monyueHus TpaBMbl 14.10.2021 ¢ xkanoba-
MM Ha 6011 B 0671aCTH TTPABOTO U JIEBOTO Ta300eIpeH-
HBIX CYCTaBOB, UPPAOUUPYIIMMU B TIaXOBble 061aCTH

c 06eux CTOPOH, HEBO3MOKHOCTbh OCEBOJ HArpy3Ku.
MexaHu3M TpaBMbl — yTajia C BbICOTHI COOCTBEHHOTO
pocra.

ITo maHHBIM peHTreHorpaduym KOCTeil Tasa, BbI-
MOJIHEHHO! B TIPMEMHOM OTHAe/eHUM, ObLIU BbISB-
JIeHbl aAIyKUMOHHbBIE IepeJIOMbl IieeK OelpeHHbBIX
KOCTeil ¢ 00eMx CTOpPOH: CjeBa IepeaoM 3-To TUIa
o knaccudukaimm Garden [14], cripaBa — 4-ro THIa
(puc. 1). [TauMeHTKY TOCITUTAIU3UPOBAIN B TPOGUIIb-
HOe TPaBMaToI0ro-0pToNeAuecKoe OTae/IeHNe.

Ha mMoMeHT mocTymieHMs] B KIMHUKY MalyeHTKa
HaXOIWIach B COCTOSIHUM CpefHei CTeleH! TSOKeCTH,
CO3HaHMe SCHOe, aJleKBaTHAa, OPMEHTHPOBaHa B MPO-
CTpPaHCTBe, Ie30pMEeHTUpPOBaHa BO BpemMeHM. Poct
158 cm, Bec 65 kr, UMT 26,0 Kr/m?%. Ko>KHbIE TTOKPOBBI
6memHbIe, OOBIYHOV BJIASKHOCTM. B JIErKMX [bIXaHME
BE3UKYISIPHOE, IPOBOAUTCS ¢ 06enx cTopoH. YO, —
16 B MuH. TOHBI cepAlia pUTMUUHBIE, IPUTTYILIEHHbIE,
YCC — 96 B muH. Al — 132/80 Mmm pT. cT. )KUBOT 1ipu
nanpnauyy  6es36onesHeHHbi. CTya  peryiasipHbIii,
odopMIieHHBIIi. OTEKOB HE OTMEUaJIoCh.

[Tpy KAMHMYECKOM OCMOTpE BbIsSIBJI€Ha Hapy>KHast
portainus 06enux HYKHUX KOHEUHOCTEN, ITOIOKUTENb-
HBII CUMIITOM «IIPUIMIILIEN TSITKU» CIIpaBa U JieBa.
IMonbITKM OBVSKEHUIA B 000MX Ta300edpeHHBIX CYyC-
TaBaxX pe3Ko 6oye3HeHHbI. ITyabcalyus Ha ThUIe CTOI
6bUTa coXpaHeHa. [JBUTATENbHBIX M UyBCTBUTEIbHBIX
PacCTPOIICTB B AMCTAbHBIX OTAEIaX KOHEYHOCTEN He
HaGII0DA/IOCh.

I[lo pesynbraTaMm OCMOTpa 3HAOKPMHOJIOTA
15.10.2021 ObIn BBISBJIEH CaxapHbIii Ouabet 2-To
TUIIA, LeIeBoii ypoBeHb HbAlc — meHee 8%. JlaHbI
cllegywoliye peKoMeHZaluuu: AueToTepanus, nmpuem
rmuknasuga 30 mr 1 pas B CyT.

[ManeHTKe GbUT BBITIOJTHEH KOMIUIEKC CTaHAAPT-
HBIX OOC/IeOBaHMII: OOIIMIA aHAAMU3 KPOBU, OOIIMIA
aHaIM3 MOYM, OMOXMMMUECKMii aHanm3 KpoBu, JKIT.
HOMOMHNTENbHO TallMeHTKa OblIa OCMOTpeHa Bpa-
YyOM-TepuaTpoM [Jid OLEHKM Haluumsi U CTerne-
HM BBIPOKEHHOCTM TrepuaTpuyeckux CUHIPOMOB
(tabi. 1). CormtacHo pesynbraTam Tecta Munu-Kor, Be-
posiTHa geMmeHus. [To mKkane 6a30Boi GyHKIIMOHATb-
HOJi akKTMBHOCTM Bapresia 6bli1a BbISIBJIEHA YMepeHHast
3aBMCUMOCTb OT ITIOCTOPOHHEN MOMOIIU (IO COCTOSI-
HMIO 10 TepeaoMa), Mo IIKajle MHCTPYMeHTaabHOM
aKTUBHOCTU JIOyTOHA — BbIpa>keHHasi 3aBUCUMOCTb

Puc. 1. PeHTreHorpaMma Ta3a MmalyeHTKU
TIpY TTOCTYIUIEHMM:: IBYCTOPOHHME aITyKIVIOHHbIE
IepeIOMBI IiieeK GeIpeHHbIX KOCTelk

Figure 1. Patient’s pelvic X-ray upon admission:
bilateral adduction femoral neck fractures
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OT MOCTOPOHHEN IMoMOoIny. Takske ObLIM BBISIBIEHbI
clemgyiolye repuaTpmuueckme CMHIPOMbI: XpOHUYeC-
KUii yMepeHHbIi 60JIeBOJi CMHAPOM, CHUKEHUE 3pe-
HMSI, MHCOMHMSI, TeTIpeccusi, BeposiTHasl IpeacTeHms,

BEpOSITHAs CapKOMEeHWMs], BBICOKUI PUCK MageHMIA.
Y mauyeHTKM BbISBIEH BBICOKMIT 10-JIeTHUIT PUCK
nepeniomoB 1o FRAX (Major osteoporosis fracture —
29%, Hip fracture — 13%).

Tabnuya 1

OHEHKa Ha/IM4IMs U CTEIIEHU BBIPAJKEHHOCTU repuaTpmMyYeCKuMx CMHIAPOMOB Y IIAIIMEHTKAU
C ITIOMOIIBI0O CKPMHUMHIOBBIX IIKAJI 1 OIIPOCHUKOB

VHCTpyMeHThI CKPMHMHTA PesynbraThl WNHTepnpetanys
OnpocHuku
«Bospacrt He romexa» [15] 4 BeposiTHas ipeacTeHust
Sarcopenia Fast (SARC-F) [16] 8 BeposiTHasa capkoneHus
IecaTuneTHUit abCOMIOTHBIN pUCK epenoMoB FRAX [17] 29% BbICOKMII pUCK I1eperioMoB
IlIxanet
[lIkana BapTesna ajisg 6a30Boii QYHKLIMOHAIBHOM aKTUBHOCTU 75 YMepeHHas 3aBUCUMOCTb
(The Barthel Index for Activities of Daily Living) [18] OT MOCTOPOHHE MOMOII
[lIkasa JIoyTOHA [IJ151 OLIEHKY MHCTPYMEHTATbHOI QYHKIIMOHATBLHOM 1 WHcTpymeHTanbHas
aKTMBHOCTY B NoBcemHeBHOI XX13HM (The Lawton Instrumental Activities AKTUBHOCTb CHU)KEHa
of Daily Living Scale — IADL) [19]
Kparkas mkana oneHku muranus (Mini Nutritional assessment, MNA) [20] 12 MaJbHYTPUIINY HET
BusyanbpHas aHanorosas mkana 6oy (Visual Analogue Scale — VAS) [21] 4 XPpOHMYECKNIT yMepeHHBbI
6071eBOJt CMHAPOM
Tepuatpuueckast mkana gernpeccuu (Geriatric Depression Scale — GDS-15) 7 Hernipeccus
[22]
[lIkana Mopce 7151 OLleHKU pyCKa NafeHuii y TOCIUTaaAN3UPOBaHHbIX 95 Boicokuit puck nageHmin
nauueHToB Mopce (The Morse Fall Scale) [23]
Wupekc Tsorectu mHcoMHMM (Insomnia Severity Index) [24] 14 Jlerkue HapylIeHUs CHa
Tecmut
Tect Munan-Kor (Mini-Cog) [25] 0 BeposiTHbIe KOTHUTMBHbBIE
HapyueHus

OuHamomeTpus 14,1 xr Cuia MbIIILL CHIDKeHa

VunuThiBasl MOKWION BO3pacT MallMEHTKM, HaK-
Ylie COMyTCTBYIOIIEH MaTOJOTUM, IIEJIOTO psiia repu-
aTpUYeCKUX CUHIPOMOB M HEOOXOOMMOCTb paHHel
aKTUBU3AINU, KOHCMIMYMOM CITEIIMAIMNCTOB B COCTa-
Be TpaBMAaToJIora, aHeCTe31OoJIora, TepareBTa U pPeB-
MaTojiora ObLJIO MPUHSATO pelieHMe O BBITOTHEHUN
OTHOMOMEHTHOJ apTPOILIACTUKM 060MX Ta306epeH-
HBIX CYCTaBOB.

OnTuManbHBIM TIOOXOIOM JMJI BbIOOpa THUIIA SH-
JIOTIpPOTe3a, Ha HAIll B3IVISIH, SIBJISIETCST CUCTEMa, pas-
pabortanHas B KauHMKe Lahey (CIIIA), koTopas 6bLia
TI03[IHee JOTIOTHEHA M aJallTMPOBaHa JjIsl MCTIONb30-
BaHUS TIPY JIEUEHMM TTAIIMEHTOB C TIEPEIOMOM IIEIKI
6empeHHOM KocTy [26, 27]. OHa YHUBEpCaabHA U MO-
SKeT ObITh IIPMMEHeHa B JII000Ji KIMHUKEe BHE 3aBUCH-
MOCTM OT OCHAIlEHMSI ¥ OIlbITa Xupypros. CormacHo
9TOV cucTeMe, IJIST TIPaBWIbHOTO BbIOOpa SHAOIPO-
Te3a HeoO6XOAMMO YUMTHIBATh CJIEAyIONIMe ITOKas3a-
TeJN: BO3PAcCT, BeC, MPeaIojaraeMyio ABUraTeIbHYIO
aKTMBHOCTb TIOCJIE OIepalyy, COCTOSTHME 3I0POBbSI,
GempeHHbI MHAEKC. Bce BbIIeyKa3aHHbIE ITOKa3a-

TeIM BBIpAXKAIOTCS B 6ajiaxX, 6ayibl CyMMUPYIOTCS, U
B 3aBMCMMOCTM OT UX KOJIMYECTBA BbIOMpPAETCs oIpe-
IelieHHas CUCTeMa SHAOMpOoTe3upoBanys. Cymma 6as-
JIOB o cucteMme Lahey B Hamem crydae coctaBuia 7.
[MpvHUMast BO BHMMAaHMe BO3PacCT MaI[Mi€HTKM, HEBbI-
COKYIO TTOBCEIHEBHYIO IBUTATEIbHYIO aKTMBHOCTH JI0
oriepanyy 1 IpearoaraeMyro — Iocjie onepamm, Ko-
MOPOUIHOCTb, a TAKKEe HeOOXOAMMOCTb MUMHUMMU3UPO-
BaTh 00lllee BpeMs OIIepaliIOHHO ceccyu, ObLIO Mpu-
HSTO pellleHye UCTIONb30BaTh B KAUECTBEe MMITIAHTaTa
MOHOIIOJISIPHBINE  TEMMUIHIOIIPOTE3 OTEYECTBEHHOTO
MIPOM3BOJICTBA. BhIOOp HGepeHHOro KOMIIOHeHTa Gec-
[IEMEHTHO (GMKCAIMM OTEUEeCTBEHHOTO ITPOM3BOACTBA
OOBSICHITCSI SKOHOMMWYECKMMM TPUUMHAMM (HU3KasI
CTOMMOCTb) B YCJIOBUSIX OTPaHUYEHHOTO (GMHAHCUPO-
BaHMs. [Ipy 9TOM MbI TOHMMAaJTU IIOTEHIIMATbHBIE TTpe-
MMYIIEeCTBA CUCTEM IIEMEHTHOI (GMUKCAIY Y BO3MOXK-
HbIe HeJJOCTATKM BhIOPAHHBIX HAMM KOMITOHEHTOB [IJIS
MTOKMJTBIX MAIIEHTOB.

Iepen omepaiveii MmamyeHTKa 6bUIa OCMOTpPEHA
aHeCTe3MO0JIOTOM, ITPOBEeeHA OI[€HKA COMATUYECKOTO
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craryca: kiacc III o mkasne ASA. ITpu BbIOOpe MeTona
aHeCcTe3UM YUYUTHIBAJICSI COOCTBEHHBIN OITBIT U aHAIU3
JIaHHBIX JIUTEPATYPbI, COTJIACHO KOTOPBIM OBLIO BO3-
MOYKHO TIPOBeZIeHMEe KaK 00IIeit, TaK ¥ CIIMHHOMO3TO0-
BOI1 aHecTe3uu. Bei6Op GbUI cAenaH B ITOJIb3Y CIIMH-
HOMO3TOBOJ aHeCTe3UM, YTO OOBSICHSIETCS CKOPOCTHIO
u 3(PPeKTUBHOCTbIO HACTYILIEHUST 00e360/1MBaHMSI,
60J1ee HM3KOJ MOTEeHIIMATbHOI MHTPAOIIePallMOHHO
KPOBOIIOTEpEN, MPOCTOTOM BBIMOJIHEHNSI, S3KOHOMM-
YyecKkoit 3GEeKTUBHOCTHIO IIPOIIEIYPHI, a TAKXKE JINU-
HBIMU MPENTNIOUTEHMSIMM Bpaya-aHecTe3Moiora Bbic-
el KBaTM(pUKALVIOHHOM KaTerOpun.

Ha wiepgyommii geHb IIOCA€ TOCIIUTAIM3ALN,
15.10.2021, B ogHy OIlepamMOHHYIO CECCUI0 IOC/Ie-
JloBaTelbHO M3 IlepelHeNaTepaJbHbIX XUpypruye-
CKMX [IOCTYIIOB OBUIO BBITIOJHEHO 3HIOIPOTE3UPO-
BaHMe IIpaBOrO, a 3aTeM JIEBOrOo Ta3006eqpeHHOro
cycraBa. Bpuiu ycTaHOB/IeHbI MOAY/IbHbIE MOHOIIO-
JISPHBIE SHIOIIPOTE3bI OECIIEMEHTHOM (QUKCALIUM OTe-
YyeCTBEHHOTO IpOM3BOACTBA. [IpOfo/IKUTENBHOCTD
orepalMOHHON ceccuy: apTpoIIacTMKa MpaBoTo Ta-
300eIpeHHOr0 CyCTaBa — 35 MUH., IEBOIO — 32 MMH.
C y4yeTOM MTOBTOPHOTO YK/IaAbIBaHUS AUMEHTKU IPU
CMeHe CTOpPOHBI orepaluu obInee BpeMsl Orepanymn
IOCTULNIO 77 MUH., 06beM 06IIeli KPOBOIIOTEPHU COC-
TaBMUJI OKoj10 250 mut. Ha mocieomnepaliiOHHOM peHT-
reHorpaMme Ta3obeqpeHHbIX cycTaBoB oT 15.10.2021
B IIPSIMOIA MPOEKLIMU ITOI0’KeHVE KOMITIOHEHTOB 9H0-
MPOTE30B Y0BJIETBOPUTEBHOE (PUC. 2).

B meHp omeparnuy maiyeHTKe ObLIM Ha3HAUYEHBI
IbIxaTelbHble YIIPaskKHEHMUS, aKTUBHbIE yIIpaKHEeHUS
IIJIST KOJIEHHOTO ¥ TOJI€EHOCTOITHOTO CYCTaBOB, M30-
MeTpuUuecKkue yIpakHeHUs OJi MBI, (ITOOUYHBIX,
YeThIPEXIVIaBOii, ABYIVIABOI Oelpa, MBIIII] T'OJE€HN)

Puc. 2. PentreHorpadust Tasa naiyeHTKM MOcCIe
orepaLyy: IOJ0KeH) e KOMIIOHEHTOB SHI0IIPOTE30B
YIOBJIETBOPUTEILHOE

Figure 2. Patient’s pelvic X-ray after the surgery: position
of the endoprostheses components is satisfactory

OIEepUPOBAHHBIX KOHEYHOCTeNM. Ha ciepyroommii 1eHb
TIOCJTe oTtepaIu 60IbHON pa3penIv MPUCAKUBATHCS
B KpOBAaTH, CBEIIMBATh HOTU U, YIUTHIBAsI YAOB/IETBO-
puUTeIbHOE 001I[ee COCTOSTHME U KeJlaHue MaIMeHTKM,
OHa OblJIa BepTMKAIM3MPOBaHa, 3aTeM ObLIM Ha3Have-
Hbl KOMIUIEKC YITpaXKHEHMI Ha TJIOCKOCTU B TOCTEIU
1 X0ombba ¢ TTIOMOIIBIO CPEICTB TOMOTHUTENBHOM OIO-
PbI (XOAYHKM) MO, KOHTPOAEM MHCTpyKTOpa JIOK.

Pe3ynbraTsl CTaHAAPTHBIX Ja6OPATOPHBIX MCCIIE-
IoBaHMI1 nocie onepauyy ot 16.10.2021: sputponu-
Thl 4,5x10'%/n, neiikouutsl 12,3x10°71, reMorio6uH
112 r/n, TpombouThl 346x10°%71, CO3 55 mm/u; KT
6e3 oTpuIIaTeIbHOM AMHAMMKM. [TalieHTKa ObLIa BbI-
MMCaHa Ha 5-e CyT. B YAOBJIETBOPUTEILHOM COCTOSI-
HUM, C HEPE3KO BhIPAKEHHBIM O0JIEBBIM CMHIPOMOM.
Ha MOMEHT BBIMMCKM MalMEHTKA CaMOCTOSITETbHO
MpUCAKMUBAIACh B KPOBATH, XOAWIA C XOLYHKaAMMU.

3a BpeMs IpebObIBaHMS B CTalMOHApPe B paMKax
MpOrpaMMbl  MTPOMWIAKTUKY TIOBTOPHBIX Iepeso-
MOB TalyeHTKa OblIa MPOKOHCYIBTUPOBAHA CITEIV-
anucroM LleHTpa ocTeonopo3a — pUCK MOCTeSYIIINX
TepeyioMOB OIlpefesieH Kak BbICOKMIA HAa OCHOBaHUM
(daxTa rmosyyeHusI HU3KOSHEPreTMYECKUX ITepeioMOB
neek O6eIpeHHBIX KOCTei ¢ 06eux cropoH. OleHKa
pucCKa TIaJeHui TMoKasaja BBICOKMI PUCK (CM.
Taba. 1). [IByXsHepreTmyeckass pPeHTTeHOBCKasl ab-
copbimomMeTpust (IEHCUTOMETpPUS) TALVEHTKe He
OblJIa BBITMIOJTHEHA B CBSI3Y C TSDKECTBIO €e COCTOSI-
HUS M BO3MOXXHOCTBIO YCTAaHOBUTH AMArHo3 OCTEeO-
1opo3a Ha OCHOBaHMM KIMHUYECKMX IMapamMeTpoB
[28]. [MaMeHTKe GBI MOCTABIEH AMATHO3: TSKEIBINA
CUCTEMHBI TMOCTMEHOMNAay3ajdbHbI/  OCTEOIOPO3,
OCJIOKHEHHBIII IlepelioMamMy Ieek obeux OempeH-
HbIX KOcTel. IIpm BbINMCKe M3 CTalMOHapa Ha3Ha-
YyeH MpMeM MpernapaToB KaJblMsl U KOJEKaJbl[U-
depona, maToreHEeTUYECKON Tepanumu (geHocyMmao).
Kommniekc mepornpusiTiii o CHUXXeHUIO pUCKa raje-
HMIi BKJII0YAJ 00YCTPOICTBO 6€30MaCcHO OKpYsKalo-
meit 06cTaHOBKY foMa [29]. Bblin peKoMeHI0BaHbI
KOHCY/IbTallMM HeBpoJiora Ajis KOppeKIMM [erpec-
CUM, HapyIIeHuii CHa, Toa60pa KOTHUTUBHOTO Tpe-
HMHTA, a Takke odTaabmosora [29, 30].

B cBSI3U ¢ yoanmeHHbIM MEeCTOM XUTEIbCTBA (6osiee
120 KM OT KIMHUKM) MallMEeHTKAa HA OYepegHOl KOH-
TPOJIBHBIM BU3UT K TPaBMaToJory u B LIleHTp ocTeo-
1opo3a IpUIITU OTKasanach. B stHBape 2022 T. 6bLI
npoBefieH TeedOHHbIN PasroBOp C JOYepblo Malu-
€HTKM, B KOTOPOM OHa OTMETMJIa, UTO MalMeHTKa Ie-
penBuUraeTcs Mo JOMY € IIOMOIIIbIO BCIIOMOTaTe/IbHbIX
CpencTB (TPOCTb), I'yAsieT 0KOI0 aoma. Co CJI0B Aode-
PU, COXPaHSUINCh XPOHUUYECKMUIT 6OJIEBOI CUMHOPOM,
CHI>KEHMe 3peHMsI, He3HauUuTe/IbHble HapylleHUs CHa,
memnpeccus. O6paiaeT Ha ce6s1 BHMMaHMe IIPOTpeccu-
pOBaHMe KOTHUTUBHBIX HapyllleHUil M0 CpaBHEHUIO
C cocTosiHMEM A0 mepenoma. [lalyeHTKa NMpuHKUMA-
Jla peryasipHO TOIbKO KOMILUIEKCHBIN TpernapaTr Kap-
6onaTa Kanbius 500 Mr B cyT. M BUTaMmuHa D B m03e
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2000 ME B cyT. Beuta mpoBeneHa 6eceia 0 HEOOXOIM-
MOCTM MaTOreHeTUYEeCKOoi Tepanuiu ocTeornoposa.

UYepes 12 mec. rociie nonydyeHus nepeaomMa, B OK-
Tss6pe 2022 T., mauyMeHTKa ObLIa OIPOIIEHA I10 Tejle-
(oHy BBMTy TOBTOPHOTO OTKAa3a MpMexaTh HA OYHBIN
BU3UT. C ee CJI0B, MallMEHTKA COXPaHSeT IMPEeXHION
(u3nueckyo aKTMBHOCTD, MOKET BBIXOAUTDb Ha YiIu-
1y B COIPOBOXIEHMM, UCIIONb3YsI B KauecTBe Cpef-
CTBa AOIOJHUTENbHOM OMNOpbl TPOCTb. Ha MOMeHT
HaIMCaHUS CTaThy (CeHTSIOph 2024 T.) OCyIIeCTBIEH
MOBTOPHBI KOHTAKT C POJCTBEHHMKAMM, CO CJIOB T0-
CleIHUX, NallMeHTKa MMeeT MPeXHUI YpOBeHb aK-
TUBHOCTH, XOAUT C TPOCTHIO, Kaj06 He IPeIbsBIIsIET,
HO OTMeuaeTcsl TpOrpeccpoBaHme CUMIITOMOB AMC-
IMPKYJISITOPHOI SHITedanonaTuu, B CBSI3YU C YeM I10-
JlydeH OYepefHOl OTKa3 BBIIOIHUTb KOHTPOJIbHYIO
peHTreHorpaduio.

OBCY>XIEHUE

CraTuctTuyecku penkuii KIMHUYECKUI cirydai SiB-
JITeTCS] HeCTAHOApTHBIM, HETUIIMYHBIM U TpedyeT
B3BEIIEHHOTO MHAVMBUAYAJTbHOTO IOIX0Ma K BBIOODY
TaKTUKY JiedeHMsl. B HallleM KIMHMYECKOM HabIoe-
HUM 3TO OTHOMOMEHTHO IIOJyYeHHbIe GuIaTepab-
Hble MepeioMbl B pe3y/ibTaTe HU3KOIHEepPreTUUecKoi
TPaBMbI Y TTOKUJIOTO OCIableHHoro mnaiyenTa. lemmn
¥ 3aJjauy MpU OKa3aHUU Crelaan3upoBaHHOM TpaB-
MAaTOJIOTMYEeCKO) TIOMOIIM OCTAIOTCS TPEKHUMM:
orepaTMBHOE JiedyeHMe, COIIaCHO peKoOMeHAAIMsIM,
He To3gHee 48 4. Toc/ie TOCTYIUIEHUS B KIMHUKY
C paHHeVi akTuBMU3aumen nanuenra [31, 32]. B npotus-
HOM CJTy4yae YBeIUUUBAETCS PUCK Pa3BUTUS TUTTOCTA-
TUYECKUX OCJIOKHEHUI U, KaK Pe3yabTarT, JIETAJIbHOTO
ucxoga. Tak, N.C. Grisoni ¢ coaBTopaMy mpoaHaaIn3n-
pOBaJI BbDKMBAEMOCTD TAIIMEHTOB C OJTHOMOMEHTHO
TIOJTyYeHHBIMY OMJIaTepaTbHbIMMU IT€peIOMaMM IIeeK
6engpenHoit koctu. C 1993 mo 2002 r. oHu Habmoma-
71 8 MallMeHTOB, CpeIHMIT BO3PaCT KOTOPBIX COCTaBUII
63 roma. BpDKMBaemMoOCTh MalMEHTOB BO3PACTHOM
TPYIIIBI A0 65 JIeT cocTaBmia 75%, cpemu Ul cTapiie
65 et — 50% [33].

IMepen HamMu CTOsIa 3a/ava CAEIAaTh BHIOOD GO
B TIOJIb3Yy [BYX3TAITHOTO II0C/IeIOBAaTEIbHOIO Olle-
PaTMBHOTO JieUueHwUsl, pa3feanB MO0 BpeMeHU oIlepa-
LMY HA TIPaBOM ¥ JIEBOM CYCTaBaX, MO0 BBIMOTHUTD
OIHOMOMEHTHYIO apTPOIUIACTUKy O0OOMX CYCTaBOB.
BesyciioBHO, mocienoBaTebHOE (3TAlIHOE) OIlepaTUB-
HOe JIeueHle MO3BOIMIIO GbI CHU3UTH OIMEePalIOHHYIO
TPaBMMPYIONYI0 Harpy3Ky Ha MalMeHTa, YYMTbIBas
BO3paCT M COIMYTCTBYIOIIYIO TTaTonoruioo. Ho mpu aTom
Toc/Te MepBoil omepalyy MOOMIBHOCTh MAlVIEHTKU
BOCCTaHOBJIEHA He OymeT, YUMUTHIBAsl MBYCTOPOHHEE
nopasxkeHue. Bosee Toro, rnepuonepanoHHass Kpo-
BOIIOTEPSI, BO3MOYKHO, TIOTpe6yeT 6ojiee MIUTeTbHOM
MOATOTOBKM TalieHTa KO BTOPOil omepaiiuu. Byger
COXpaHATbCS 6OJIEeBOII CUMHAPOM }3-3a HeCTabuIu-
3MPOBAHHOTO BTOPOTO MepeyioMa, YTO MOXKET YCyTy-

OUTHb MMEIOIIVEeCs] KOTHUTUBHbIE HAPYIIIEHMS 1 TTOBBI-
CUTb PUCK Aenupusi. [Ipy 3TOM pUCK BOSHUKHOBEHMUS
TMITOAVMHAMMUYECKMX OCIOKHEHMI (Tpomb03a rimy6o-
KX BEH HIMKHUX KOHEUHOCTEN, TpPOMO03MOO0INN Jie-
TOYHOM apTepuu, IMMHEBMOHUM) OCTAETCS BBICOKUM.
[TosTOMy BBITIOJTHEHME IIOCAENOBATENbHON OBYCTO-
POHHEJT apTPOIIACTUKYU OTHOI OIepalyOHHOM 6pu-
rajioil 3a OgHY OINEepalMOHHYI0 CECCUI0 U aHEeCTe3UI0
CTajI0 OYEBUIHBIM BHIOOPOM.

[Ipy aHanu3e [AHHBIX JUTEPATYpbl Mbl HAILIU
TOATBEPKIEHE IPaBUIBHOCTM BbIOOpA IMOIOOHOI
TakTuKK. Kopeiickuii uccenosatens J.H. Park ¢ co-
aBTopaMy ONMCaAuM CJIydyail YCIelUHOro JiedeHUs
83-neTHeN MaluVeHTKU, MOAYYMUBILIEN OJHOMOMEHT-
HBIIl MepeyioM IIeeK 00eux OeIpeHHBbIX KOCTel, HO
IpM 3TOM C OAHOM CTOpPOHBI IepeioM IIeNKM II0
kinaccudukanuy Garden 6pu1 1-T0 THIIA, @ C APYTOI —
4-ro. COOTBETCTBEHHO, C OIHOJ CTOPOHBI ObUT BbI-
TOJIHEH OCTEOCHMHTe3 Ilepeoma, C Apyroit — 3HAO-
MpOTe3UPOBaHME OGUIIONSIPHBIM SHAOIMPOTE30M. [Ipn
HaOMIOAeHUM CITyCTSI 3 MeC. KOHCTAaTMPOBAHbI KOH-
coMupanys IepejoMa INeiKu OGeIpeHHO KOCTU Ha
CTOpDOHE OCTEOCHHTe3a M HOPMa/IbHOE I0JI0KeHUe
KOMITIOHEHTOB 3HJIONPOTe3a Ha MPOTUBOIOIOXKHOM
CTOpOHe [34]. ABTOpBI, K COXAJIEHUIO, HE YTOYHSIOT
CPOKM MOOMIM3AIMM TALMEHTKY IOC/Ie OIMepaun,
a TaKKe Crocob aHecTe3ny M YPOBEHb KPOBOIIOTEPH.
XOoTS B JAHHOM Cjyyae MPOTHO3UMPYEMBII YPOBEHb
KPOBOIIOTEPY TO/DKEH OBbITh HIVDKE IO CPABHEHUIO
C OJHOBPEMEHHBIM JHAOIPOTE3MPOBAHNMEM O0O0UX
CYCTaBOB, YUYUTHIBAs, UTO OFHA OIlepalus umesna ma-
JIOUHBA3MBHBIN XapaKkTep.

VHTepeCcHBIN KIMHUYECKUIA Cyuyal rpeacTaBuia
rpyIina aBTopoB Bo maBe ¢ Y. Takagi. Ouu Hab10-
nmanyu 90-j1eTHero naiyeHTa ¢ 6uiaTepasbHON TpaB-
MOJi IIPOKCUMAJIBHOIO OTHejda 6GeIpeHHO KOCTU:
CripaBa — BepTeJIbHbBII MepeyioM, cieBa — Iepeiom
meiiky  6egpeHHOl KocTtu. OCOOEHHOCTh 3aKIIo-
yajach B TOM, UTO MaIlMeHT CTpajaj XpPOHUUYECKO
OOCTPYKTMBHOVI 60JIE3HBIO JIETKMX U B CBSI3U C 000-
CTpeHMeM NPOXOAWJI jieueHue B TeparneBTUUYECKOM
OTHeNeHNN, a TaKKe CTpafasa meMeHIuei ¢ HabIo-
IeHueM y Ticuxmatpa. Haxopsicb B OTHeNeHUM, OH
TOKaJI0BaJICS Ha 60/ B Ta300eIPEHHBIX CyCTaBaxX U
IOC/Ie BBITIOJIHEHUSI peHTreHorpaduu ObLT mepese-
IeH B opTomeauyeckoe otmeneHue. Ha ciemyromuii
JleHb eMy OJHOMOMEHTHO BBITIOJHUIIM OCTE€OCUHTE3
mepejioMa IpaBoro 6empa M SHAOMPOTE3UPOBAHME
OMITONSPHBIM SHIOIPOTE30M JIEBOrO Ta3o0bempeH-
Horo cycraBa. OnepaiMoHHasi ceccus AjIuaach OKO-
JIO 2 Y. IpM HE3HAUYUTE/IbHOM KPOBOIIOTEpe, KaK U
B IpenpiayiieM ciydae. K coxkaneHuio, akTUBHOCTb
ero 6pIa 3HAYMMO OTpaHMYEHA, K MOMEHTY BBITIU-
CKM CaMOCTOSITEIbHO OH MOT TOJIbKO IepecakuBaTh-
Cs1 B MHBAJIMIHOE Kpecio [35].

ABTOpCKMIT KOJIJIEKTUB BO I71aBe ¢ D.R.W.MacDonald
MpeACTaBMI KIMHUYECKOe HabOIIomeHne C ONMMCaHU-
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eM JiedeHus1 89-7eTHero mnauyeHTa, IOJYYMBIIErO
TPaBMy B pe3yJbTaTe MafieHusI C BbICOTbI COOCTBEH-
HOTO pocTa. Y Hero 6bUIM AMarHoCTUPOBaHbBI BYCTO-
POHHME MEePEeIOMBI IIeeK 06enx GedpeHHBIX KOCTei.
[To pesynbraTam 06C/T€OOBAHMSI CEPbE3HBIX OTKIIO-
HEHMUI1 He BbISBWINM, OTMEUYEHO JIUIIb CHIDKEHUE CKO-
pocTtu Kiay6oukoBoit ¢unbrpanyuu (XBIT 2-it cramgun).
Ha cnepyrommii meHs 6bpl1a BHIIOIHEHA OMHOMOMEHT-
Hasl apTPOILIaCTUKA 060UX Ta3060eIpPeHHbIX CYCTABOB,
MMIUIAHTMPOBAHBl MOHOOGJIOUHBIE MOHOTIOJISIPHbIE
sHpoImporesbl. O0Iee BpeMst OIepallMiOHHOM ceccum
COCTaBMJIO UyTh OOJIbIlEe 2 Y., KPOBOMOTEPS] HEOOIb-
masi. AKTMBM3alMs TaleHTa MpoM30Iiia Ha Clemy-
IO NeHb, BBINMCAH Ha 7-1 IeHb MOc/ie onepamnum.
Ha sToM cpoke maieHT MOT caM IepeaBUraThCs CO
CpencTBaMy OOMOJIHUTENBbHONM OIOpbl. B 3aKkimoueHMn
aBTOPbI OTMETUJIU, UTO ABYCTOPOHHMIT OJHOMOMEHT-
HBIIi TIEpeioM IeeK OeIpeHHBIX KOCTel SIBIISeTCS
HexXapaKTepHOM TPaBMOM IPU OTCYTCTBUM BBICOKO-
SHEPTeTMYECKOTO BO3HENCTBUSI WIM METaboIMIecKo-
ro 3abojeBaHusT Kocreil. OHM TaKke 0OpalialoT BHU-
MaHMe Ha TO, UTO, eCJIU MPOITYCTUTDb NepeioM IeiKu
6eIpeHHO KOCTY C KOHTpaIaTepaJIbHOM CTOPOHBI, 3TO
MOXKET IPUBECTH K JJIUTETHbHOMY 60/IEBOMY CMHIPOMY
U JOMOSHUTEbHOMY OIEepaTMBHOMY BO3ZelCTBUIO.
VX ocHOBHasi peKOMeHalusl, C yYeTOM PeIKOCTHU TaH-
HOTO BMJIa TPaBMbI, — BHMMATEIIbHO COOMPATh aHAM-
He3 M IIPOBOIUTD KIMHUYECKUI OCMOTP [36].

A. Sood c coaBTOpaMM OIMCAIM CIydaii Jieue-
HMSI aKTMBHOTO MalyueHTa 84 JjieT, KOTOPbI MTOTy4nI
TpaBMy, yriaB Ha jectHuile. O6cnemoBaHme BbISIBUIO
6uIaTepaibHbIe MEPEIOMBI IIeeK 06eux 6elpeHHbIX
KOCTeil. B TeueHme CyTOK IalueHTa 06C/IemOBaIN,
KaKMX-TO Cepbe3HbIX OTKIOHEHWUI B JIabOpaTOPHBIX
aHa/IM3aX BBISIBIEHO He 0bU10. OMHOMOMEHTHO OBIIO
BBITIOJTHEHO SHIOMNPOTE3UPOBaHME 000MX Tasobe-
JIPEHHBIX CYCTaBOB, UMIUIAHTUPOBAHBI MOHOOIOUHbBIE
MOHOTIO/ISIPHbIE 3HIOIMPOTE3bl C I1leMEeHTUPYeMOii
6eapeHHO YacTbio. OCOOGEHHOCTBIO CJTyYast SIBJISIETCS
TO, YTO OMEPUPYIOLINIA XUPYPT HE MEHSJI TI0JIOKeHe
MalMeHTa C 1ieJIbI0 YyMeHbIIIeHUSI BpeMeHU OIepaiuiu.
B pesynbraTe neyeHus: NalMeHT CMOT CAMOCTOSITENb-
HO NepeBUraThCs CO 2-X CyT. [37].

N.P. McGoldrick ¢ coaBTOpamy ONMMUCHIBAIOT KJIM-
HMUYECKMI (Iy4dall YCHEeIIHOro JieueHus IalueHTa
87 neT, HegaBHO ITepPeHeCIIEro OCTPbI MHPAPKT MUO-
Kap[a, CTpafarollero JiaykoMoi 1 To6poKavyecTBeH-
HOJ rumepIuviasmeii mpencTaTeabHOM Keje3bl, KOTO-
PbIii TIOTYYMI HU3KO3IHEPTETUUYECKNUI TIePeIOM IIeeK

JOIIOTHUTEJIBHASI THO®OPMALIMISI

3aseneHHblii 6K1a0 a8mMopos

Bce aBTOpBI cHenany 3KBMBAJIEHTHBIN BKJAZ, B MTOATO-
TOBKY ITyOIVIKALIAMA.

Bce aBTOpBI Mpowin ¥ omo6pmiau GUHANbHYIO BEpPCUI0
PYKOINCH CTaTh!. Bce aBTOPBI COTIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE€ aCIeKThl PaboThbI, YTOObI 06eCIIeUnTh HaJJIe-

0b6eux 6eIpPeHHbBIX KOCTE THIIa 4 10 Kiaaccuduraimm
Garden. Omepanus 6b11a BBITIOJIHEHA HA CJI€TYIOIINIA
IleHb — OJHOMOMEHTHAS apTPOILIaCTHKa 000MX Ta30-
OeIpeHHbIX CYCTABOB OUITONISTPHBIMM SHAOIIPOTE3aMU
6eciieMeHTHOI (uKcanuy IoHa OOIIYM HApKO30M.
IMauyeHT 6bUT aKTMBU3UPOBAH HAa CAEOYIOIIVIA TeHb
1ocjie onepainyyu. ABTOpPbl IOAYEPKUBAIOT YHUKAJIb-
HOCTb OMJIaTEpPAJIbHBIX ITEPEIOMOB ITPOKCYMMAaIbHOTO
oTnesna 6eIpeHHO KOCTU U, B YaCTHOCTH, eV KK Ge-
Ipa, ¥ PeKOMEHYIOT METOJl OMHOMOMEHTHO apTpo-
TJIACTUKY 060MX Ta306eIpeHHbIX CYyCTaBOB C Geciie-
MEHTHO (GuKcalyeii MMIIaHTaTa, YTO YMEHbBIIUT
CTeNeHb PeaKklMM Ha KOCTHBIN IIEMEHT y IallMeHTa,
MMEIOIIEero B aHaMHe3e KapAualbHYI0 ITaTOJIOTVIO
[38].

Ha ocHOBaHNMM HMPUBEIEHHBIX ITPUMEPOB, a TAKXKe
COOCTBEHHOI'O OITbITA MOKE€M 3aK/IOUUTb, UTO BbI-
60p TaKTUKM OJTHOMOMEHTHO OIlepaluy SBJSIETCS
eIVHCTBEHHO IPaBUIbHBIM pellleH/eM, KOTOPbIi MO-
3BOJISIET, HECMOTPSI Ha PUCKY, BBIIIOTHUTH 3TU OIle-
pauuu B peKoMeHayemble 48 4. IJisi ONepaTUBHOTrO
segeHus [TTTIOBK ¢ omHOKpaTHBIM aHECTE3MOI0TMYEC-
KuM 1ocobmem. ITomoOHBIN IToOXon obecreuyBaeT
Takke BO3MOXKHOCTb ITPOBEAEHMS paHHUX peabwin-
TaIMIOHHBIX MEPOIIPUSITUIA U aKTUBU3ALIMU TTal[ieHTa
B TeueHMe OMCKAiIIMX CYTOK IIOC/ie Olepaiumn
¢ xompboJi 6e3 orpaHMUYEHNsT HATPy3KM Ha OIepupo-
BaHHbIe KOHEYHOCTH.

3AK/IIOYEHHE

Crydyay OZHOMOMEHTHBIX IepesloOMOB IMPOKCUMaJIb-
HOT'O OTHesa 6eIpeHHO} KOCTY BCTPEUAIOTCs KpaiiHe
penKo, II03TOMY ITPeICTABIISIIOT COO0J OIpeIe/IeHHbI
BBI3OB [J151 MPaKTUKYIOLero TpaBmatTosnora. [Ipu npa-
BWIbHO IIOCTaBJ€HHOM JMarHo3e CjiefyeT IpoaHa-
JU3UPOBATh PE3YNbTAaThl 00CIeHOBaHMS TAIMEHTa,
OLIEHUTDb CTereHb KOMIIEHCALI ero COMyTCTBYIOILEH
MaToJ0TUM, YTO B KOHEUHOM UTOTEe ONPEeNeJNUT TaK-
TUKY JajbHeNIIero jeueHus. be3ycioBHO, B IOb3Yy
BbIOOpPA OMHOSTAITHOTO XUPYPTrUUYECKOTO JIeUeHMUs
yKasblBaeT TO, YTO [Be OIlepaluy BBITIOJHSIOTCS
B OHY OTI€palIMOHHYIO CECCUIO U 32 OLHY aHeCTe3uIo,
obecrieunBaeTCsl BO3MOKHOCTbh paHHEl aKTUBU3ALN
naiyeHTa. B Takux cirydasix oueHb BaKHO TeCHOe B3a-
MMOJeiCTBME MeXOy TpaBMaTOI0TOM, aHecTe3MOo-
JIOTOM, TepareBTOM, TepuaTpoOM M peabUIUTOIOTOM.
B mpexpcraBieHHOM Ciy4ae HaM yOaaoCh TOOUTHCS
YIOBJIETBOPUTENIBHOTO pe3y/bTaTa JieueHUs TMalu-
eHTKM CTapuyecKoro Bo3pacra.
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Kalee pacCMOTpeHMe U pellleHye BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO M HAJEXKHOCTBIO JII06071
YacTu paboThl.

Hcmoynuxk  ¢uHancuposaHusi. ABTOpBI  3asIBJISIOT
06 OTCYTCTBUM BHeITHEro (MHAHCUPOBAHMS MPU MPOBeJIe-
HUY UCCIIEJOBAHMSI.

Bo3MmoscHbIli KOH(IUKIM uHmepecos. ABTOpPBI OeKa-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHI[MAIbHBIX KOHPIMUKTOB
MHTEPECOB, CBSI3aHHbIX C MyOIMKaIMel HaCTOSIIEN CTaThH.

Amuueckasn sxkcnepmu3sa. He mpumeHuMa.

HngopmupoeanHoe coznacue Ha ny6aukayuio. ABTOpbI
TIONTYyYMT TIMChbMEHHOE coryiacye MalyeHTKM Ha Mmy6amKa-
LU0 MEAUIIMHCKUX TaHHBIX Y M306pasKeHMIA.
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Pedepar

AKmyanbHOCM®b. ABACKyJISPHBIA HEKPO3 TApaHHOM KOCTU BCTPEYaeTCsl MPeUMyIIeCTBEHHO Cpeay HaceleHUs TPYAOCIIo-
COOHOro Bo3pacTa. B cryyae ABYCTOPOHHEI TOKAIM3ALMY TTATOIOTMUECKOTO ITPOLiecca BbIOOP TAKTUKY JIeUueHUs TAal[MeHTOB
SIBJISIETCSI aKTYJIbHBIM U IMCKYTabeTbHbIM BOITPOCOM HA CETOMHSIIIHMIA I€Hb.

Ilenv — mpencTaBUTh KPAaTKOCPOYHBIN pe3y/lbTaT ONEPATUBHOTrO JieueHMS! MalMeHTKU C JBYCTOPOHHUM aBacCKY/ISIPHBIM
HEKPO30M TapaHHbIX KocTeit MEeTOAOM SHAOIIPOTE3MPOBAHUS MHOMBUAYAJIbHBIMU KE€paMMUYeCKUMU MMIIJIAHTATaMMN.
Onucanue ciayuas. TTanyieHTKa 32 et o6paTuiach ¢ kajmobamy Ha 60j1b B 06J1aCTV 060MX FOJIEHOCTOITHBIX CYCTaBOB, PE3KO
YCUJIMBAIOIIYIOCSI BO BpeMs Xoab0Obl. TecTMpoBaHue 1Mo 1IKaaaMm 1o jeuenusi: BAIIl — 9 6amnos, AOFAS AH — 25 6asios,
FFI — 139 6a/10B. BB yCTaHOB/IEH AMATHO3: aBACKY/ISIPHbIN HEKPO3 TapaHHBIX KOCTeH 06eMX CTOII, IBYCTOPOHHMIT Kpy3apT-
po3 3-i1 cT. Ha 0CHOBaHMM KOMIIbIOTEPHOIT TOMOrpad iy ObIJIO BHIITOJTHEHO MOAEIMPOBaHME MHIUBUAYATbHbBIX SHAOIPOTE-
30B TapaHHbBIX KOCTEl 06eux cTor. [eMUIHIOIPOTE3 BBHITTOTHEH U3 IIMPKOHMEBOM OKCUAHOI KepAMUKY, CTAOMIN3UPOBAHHO
urtpueM. C MHTEPBAJIOM B 4 MecC. BbITIOJTHEHbBI OllepaTMBHbIE BMEIIATeIbCTBA HA 06eMX CTONaX: MHAMBUIAYATbHOE YHI0-
MpOTe3MpPOBaHME TAPAHHOM KOCTH, TUIACTUKA JIATePATbHOTO CBSI30YHOTO KOMILUIeKca 1o Brostrom — Gould Ha mpaBoii crome
Y MHOIVBUAYAJIbHOE 3HIOMPOTEe3MpOBaHMe TapaHHOM KOCTU Ha JIeBO¥i cTole. Ha KOHTpO/IbHOM OCMOTpe yepes 12 mec. rociie
orepalyy Ha IpaBoii CToIe U 8 Mec. Moc/ie onepaluii Ha JIeBOJi CTOIe Mal[MeHTKa XOIUT C TIOJTHOM OIOopoii Ha 06e HIK-
HMe KOHeUHOCTH. O6beM ABUKEHMI B TTPAaBOM U JIEBOM T'OJIEHOCTOITHOM CYCTaBaXx IMOJTHbBIN, HESHAYUTEIBHO 60JIe3HEHHbIA
B KpaitHuX Toukax. TectupoBanue 1o mkagam: BAIIT —1 6ann, AOFAS AH — 82 6anna, FFI — 28 6annoB. OceBble B3auMO-
OTHOIIEHUS TIPaBOTO U JIEBOTO T'OJIEHOCTOITHOTO CYCTaBa IPaBWIbHbIE, IPU3HAKOB HECTAOMIBHOCTY HeT. Ha KOHTPOIbHBIX
peHTreHOrpaMMax OCeBble COOTHOILEHMSI B FOJIEHOCTOIHBIX CyCcTaBaxX IpaBU/IbHbIE, CyCTaBHAas 11e/lb paBHOMepHasi, KOCT-
HBIX JeCTPYKLIUI He OIpeiessieTcs.

3axnroueHue. AHaMM3 TTOTYYEHHBIX KPAaTKOCPOUHBIX PE3YJAbTAaTOB OMEPATUBHOIO JIeYeHMS Y TAaLMEHTKY C aBaCKyISPHbBIM
HEKPO30M TapaHHbIX KOCTe 06eyx CTOI MOKa3as, YTO MHAUBUAYATbHOE SHAOMPOTE3UPOBAHME TAPAHHBIX KOCTE IMPY AaH-
HOJ1 [TaTOIOTUU SIBJISIETCSI TI€PCIIEKTUBHBIM HalpaBaeHMeM, TO3BOSIIOIMM COXPAHUTD QYHKITUIO TOJIEHOCTOITHBIX CYCTABOB
1 OTMTOPOCITIOCOOHOCTH HMKHUX KOHEUHOCTeI. Pe3ynbTaThl IMHAMMUYECKOi egobaporpaduy B mocaeonepanoHHOM ITepro-
Jle TIO3BOJISIIOT CIIeaTh BbIBOJ, O 3HAUMTEILHOM YTYUIIeHMM 6MOMEeXaHMUKY 1ara.

KioueBbie C10Ba: aBacKy/ISIPHbI HEKPO3 TapaHHOI KOCTHU, memobaporpadusi, MHANBUIYAJbHOE SHIOIIPOTE3UPOBAHME,
KepaMMUeCKUil UMIUIAHTaT.
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Patient-Specific Bilateral Talus Replacement:
A Case Report

Vladimir V. Skrebtsov!, Victor G. Protsko !, Alexander V. Skrebtsov!,
Sargon K. Tamoev !, Vasilii V. Kuznetsov'!

I'Yudin City Clinical Hospital, Moscow, Russia
2 Peoples’ Friendship University of Russia named after Patrice Lumumba, Moscow, Russia

Abstract

Background. Avascular necrosis of the talus predominantly affects individuals of working age. In case of bilateral
pathology, determining the optimal treatment strategy remains a relevant and debatable issue.

The aim of the paper was to present the short-term outcomes of the surgical treatment of a patient with bilateral avascular
necrosis of the talus using patient-specific ceramic implants.

Case description. A 32-year-old female patient presented with the complaints of bilateral ankle pain, which significantly
worsened during walking. Preoperative evaluation showed the following scores: Visual Analog Scale (VAS) — 9 points,
American Orthopedic Foot and Ankle Society Ankle-Hindfoot Scale (AOFAS AH) — 25 points, and Foot Function Index
(FFI) — 139 points. The diagnosis was confirmed: avascular necrosis of the talus in both feet with bilateral grade 3 post-
traumatic ankle osteoarthritis. Based on computed tomography, patient-specific talus prostheses were designed for both
feet. The hemiprostheses were made of yttria-stabilized zirconia ceramic. Operations were performed with a 4-month
interval: patient-specific talus replacement combined with Brostrom-Gould lateral ligament reconstruction on the right
foot, and patient-specific talus replacement on the left foot. At follow-up 12 months after the surgery on the right foot
and 8 months after the surgery on the left foot, the patient was able to walk with full weight-bearing on both lower limbs.
Range of motion in both ankle joints was full, with minor pain at extreme points. Postoperative scores were as follows:
VAS — 1 point, AOFAS AH — 82 points, and FFI — 28 points. The axial alignment of both ankle joints was normal, with
no signs of instability. Control X-rays demonstrated the proper alignment of the ankle joints, an even joint gap, and no
evidence of bone destruction.

Conclusion. The analysis of the short-term outcomes in the patient with bilateral avascular necrosis of the talus suggested
that the patient-specific talus replacement was a promising treatment option. It preserved ankle joint function and
lower limb weight-bearing capacity. Postoperative dynamic pedobarography revealed significant improvement in gait
biomechanics.

Keywords: talus avascular necrosis, pedobarography, patient-specific replacement, ceramic implant.
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BBEJEHUE

Oco6eHHOCTM aHATOMUM TApPaHHOM KOCTU U OKpY-
SKAIOMIUX MSTKUMX TKaHei [enalT ee KPOBOCHAOKe-
HMe yI3BMMbBbIM IIpu TpaBmax [1, 2]. Kak cinencrsue,
TpaBMaTMUeCckue TMOBPEXIEHMUSI TapaHHON KOCTHU
SIBJISIIOTCSL Haubosiee pacIpoCTpaHEHHO! MPUYMHON
pa3BUTUSL aBACKY/ISIPHOTO HEKPO3a, KOTOPBIM 4acTo
MPUBOAUT K MHBAIUAMU3AL UM NTaliMeHTa. ITO OLHA U3
Haubosiee pacIpoCTPaHEHHBIX JIOKAIN3AIUii aBACKY-
JIIPHOTO HEKPO3a B OIMIOPHO-ABUraTeIbHOM alrapare
B L1eioM [3].

BoMBIIMHCTBO MAaLMEHTOB C JAHHOI I1aTOJOIMei
TPYAOCIIOCOOHOTO Bo3pacTa. [loaToMy skemaemMblit uc-
XOf, B JleueHUM — He TOJMbKO Ku36aBjieHue MalyeHTa
OT XpOHMYECKOIt 601, HO M MaKCUMaIbHOe obecre-
yeHMe (QYHKIMU CTOIIbI, UTO, B TOM UMCIIe, XapaKTe-
pU3yeTcsl COXpaHeHMeM ABVDKeHUI B TOJIEHOCTOITHOM
cycrase [3].

TakTuKa jseyeHus1 aBacKy/IsIpHOTO HeKpo3a 3aBU-
CUT OT pacIpoCTPaHeHHOCTHU Tpoliecca U Mopdoso-
rMYecKkux MpOsIBJIeHMI JaHHOTO cocTOsIHUS. [Ipu oT-
cyTcTBUM nedopmaiium u nedekToB 6;10Ka TapaHHOM
KOCTYM Ha Haya/IbHbIX 3Tanax IpMMEHSIOT KOHCepBa-
TUBHBIE METOJbI JIEYE€HUS, B YACTHOCTY AJIUTEbHYIO
pasrpysKy MopaskeHHO KOHeYHOCTH, (Pr3noTepanmio
[4, 5]. B cnyyae 10KaIbHOTO OCTEOXOHIPATBHOTO Je-
(bexTa MCIIONB3YIOT Pa3IMUHbIe BAPMAHThI OCTEOXOHT -
paJIbHBIX IJIACTUK [6, 7]. [Ipy TOTaIbBHOM MOPaXkeHUU
6710Ka TapaHHOJ KOCTYU BBITIOTHSIIOT apTpoje3 rojie-
HOCTOITHOTO CYCTaBa, MaHapTPOAe3 MM acTparaisk-
TOMMIO C TIOC/IEIYIOIMM 60JIbIlIe6ePII0BO-TIATOYHBIM
apTpome3oM. YKa3aHHbIE Bblllle METOAUKU JIeYeHUSs
MMEIT psL HEZOCTAaTKOB: BBICOKMI1I PUCK Hecpalle-
HUS, IIUTENbHBIN Nlepuoy, agantaluy, orpaHuyeHmne
IBVWKEHUI, Teperpyska CMEXHBIX OTHENOB CTOIIBI
1 nedexTsl moxonku [4, 8].

OgHuM u3 Hambosee IEpPCIEeKTUBHBIX HAIpas-
JIeHUi JieueHMs aBacCKY/ISIPHOTO HeKpo3a TapaHHOIA

KOCTU MABJIAETCA WMHAMBMAYAJIbHOE OSHOOIIPOTE3U-

poBaHMe TapaHHOV Koctu [9, 10]. OTOT MeTO[n CTan
MPUMEHSITLCS B 1997 I., M B HacToslee BpeMsl uMe-
IOTCS ITyOIMKALVIY, B KOTOPBIX OIVICAHBI TIOJIOKUTEb-
Hble pe3yJbTaThl JIeueHUs Ha JOJITOCPOYHBIX CPOKaxX
Habmopenus [11, 12].

Ileny — TipeACTaBUTh KPATKOCPOUYHBINA Pe3y/abTaT
OTepaTUBHOTO JieueH!s TallMeHTKU C IBYCTOPOHHUM
aBacCKyJIIPHbIM HEKpPO30M TapaHHBIX KOCTeil MeTo-
IIOM 3HIOINPOTE3UPOBAHUSI MHAUBUAYATbHBIMU Ke-
pamMMuecKMMU UMILJIaHTaTaMu.

OIIMCAHUE KIIMHUYECKOTI'O CIIVUAS

IMaumenTKa 32 et o6paTuiach C Xajobamy Ha ABY-
CTOPOHHIOIO 60Jb B 00JIACTM T'OJIEHOCTOIHBIX CYyC-
TaBOB, PE3KO YCUJIMBAIOIIYIOCS BO BpeMSI XOObOBI.
OTMeuasna IMOSIBJieHMEe OOJEBOTO CUHIPOMA OKO-
jo 1 roga Hasaj, TpaBMbl B aHaMHe3e OTpuilaia.
KoHcepBaTMBHOe JieueHMe He TPUHECIO TTOIOKUTEb-
HOTO pe3y/ibTaTa, 60JIeBOM CMHIPOM IPOrpeccupo-
BaJI. M3 COMyTCTBYIOMIMX 3a007€BaHMI Y TTAIMeHTKN
IMArHOCTMPOBAaH HecrneuuduIecKuil I3BeHHbIN KO-
JIUT, TI0 TIOBOAY KOTOPOTO Iojyvyajia TOPMOHAIbHYIO
Tepanuio. Ha MoMeHT o6paleHust Hecrienmuueckuii
SI3BEHHBIV KOJIUT HAXOOUJICS B CTAIUY PEMUCCUM.

ITpy ocMOTpe BBISIBJIEH YMEPEHHbBI OTEK MSITKUX
TKaHeil B 067aCTU TOJIEHOCTOITHBIX CYCTaBOB 006enx
HIMDKHUX KOHEYHOCTEIA.

[Tpy manbIianum OIpeaessieTcsl BbIpaskeHHas1 60-
JIe3HEHHOCTb B TPOEKIMUM CYCTaBHOJ e TOoJeHO-
CTOTIHBIX, TIOATAPAHHBIX U TapaHHO-JaIbeBUIHBIX
CYCTaBOB C JBYX CTOPOH. [IBUsKeHUS B CaruTTaabHOM
TJIOCKOCTY B TOJIEHOCTOIMHBIX CyCTaBaX OTpaHMUYEeHbI
" pe3Ko 60j1e3HeHHbI B KpaltHuX Toukax. COCyaMCThIX
M HEeBPOJOTMYECKMX PACCTPOICTB He BBISIBIEHO.
IMokasaTenu o onepauuu o mkane BAII — 9 6amios,
AOFAS AH — 25 6amnos, FFI — 139 6a10B.

Ilo maHHBIM KOMITBIOTEPHOJ TOMOrpaduy BBISB-
JIEHbl OYaru aBacKy/JISIPHOTO HEKPO3a, JeCTPYKLUST U
(dbparmenTalMs TapaHHBIX KOCTel 06eux cToIl (puc. 1).

Puc. 1. MCKT-ckaHbI TOJIEHOCTOITHBIX CyCTaBOB — OTMEUAKTCA oUaru A4eCTPYKIMN M KOJIaIIC TapaHHBIX KocTeli 06enx CTOoI:
a— KOpOHaprIVI CKaH I'OJIEHOCTOITHBIX CYCTaBOB; b — caruTTanbHbI CKaH npaBoﬁ CTOIIbI;

C — CaruTTa/IbHbINM CKaH JIEBOI CTOIIbI

Figure 1. MSCT scans of the ankle joints demonstrating the destruction foci and collapse of both talus bones:
a — a coronal scan of both ankles; b — a sagittal scan of the right foot; ¢ — a sagittal scan of the left foot
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Puc. 2. Pe3ynbTaThl AMHAMMUYECKOI TTegobaporpadun
Ha MOMEHT IIpeJiollepalM OHHOIO IIJIAHUPOBAHMS :
OIlpeJiesisIeTCsl BhIPasKeHHas pa3HMLia CUJIbI JIEBOM

¥ IIPAaBOJi CTOII, yBeJIMYeHe BpeMeH) KOHTaKTa,
CUJIBI M MaKCMMaJIbHOTO JaBJIeH)s B 3aJHEM OT[elle
JIeBOJ CTOIIbI

Figure 2. Dynamic pedobarography results at the time

of preoperative planning: a pronounced difference

in strength between the left and right feet is determined;
an increase in contact time, force, and maximum pressure
in the left hindfoot is observed

ITo 3TMM gaHHBIM Iegobaporpaduyu MOXKHO Ccre-
JIaTh BBIBOJI O BBIP&KEHHBIX M3MEHEHUSIX OuMomexa-
HMKM 1iara (puc. 2). BBugy 6osiee MHTEHCUMBHOTO 60-
JIeBOTO CMHJIpOMa CIIpaBa OTMeUYaeTCsl 3HaUMTeNbHOe
CHIM>KEHME BeJTMUYMH MaKCUMa/IbHOTO aBAeHMSsI, CUJTbI
B CpaBHEHUM C KOHTpajaTepasbHOIl KOHEUHOCTHIO,
YTO CBUIETETbCTBYET 00 aHTAJTMYECKOM XapaKTepe
TTOXOAKM.

[TanmeHTKe yCTaHOBJIEH OMAarHO3: aBaCKYJISPHBIN
HEKpPO3 TapaHHbIX KOCTEe 06eMX CTOM, JBYCTOPOHHMI
Kpy3apTpo3 3-Ji CT.

Bbuto mpUHATO peleHue 06 SHAOIPOTE3UPOBA-
HUM TapaHHBIX KOCTel 006ex CTON MHOVMBUAYATbHBI-
MU KepaMuyeCKMMM MUMILIaHTaTamu. Ha ocHoBaHUMU
KOMIIBIOTEPHO! TOMOTrpacdmy BBITIOTHUIN MOZEIN-
pOBaHMe 3SHAOMPOTE30B 00eMX TapaHHBIX KOCTel
(puc. 3).

I[To martepuanam KT mnpomsBenn mnocTpoeHue
stl-ceTku rmoBepxHOCTYU KOcTei. [Tocsie pegakTupoBa-
Hus stl-aiiioB 1 cosmaHust mporpaMm IJist 06padoT-
KJ 3arOTOBOK M3TOTOBWIM IAGIOHBI MMILJIAHTATOB.
B pmanpHejteM MpoBeiu MeXaHMYeCKyl 06paboTKy
3aroTOBOK, UX CIIeKaHMe U PUHUIIHYIO TTOIMPOBKY.

[Ipy MopmennpoBaHUM YUUTHIBAIM B3aMMOOTHO-
IIEHNSI CYCTaBHOJ ITOBEPXHOCTU OOJblle6eplioBOit
KOCTM M IHAOIPOTEe3a U OCEBble B3aMMOOTHOIIEHMS
3aJHETOo OTAea CTOIIbI.

DHIOMPOTE3bl BBITIOHEHBI U3 LMPKOHMUEBON OK-
CUIHOI KePaMUKH, CTAOUIM3MPOBAHHOI UTTPUEM, KO-
TOpasi B HACTOsIIlee BpeMsI SIBJISIETCSI OOHUM U3 CaMbIX
O6MOCOBMECTUMBIX ¥ GMMOMHEPTHBIX MaTePUAIOB.

Puc. 3. IIpegornepaiiioHHOE
3D-MomenpoBaHye TapaHHbIX KOCTe
06enx CToI:

a, b — 3D-mopenn 06enx CToIl

C JeCTpyKLMel 1 KO/IaiCOM TapaHHbIX
KOCTei1;

¢, d — 3D-mopeny 06enx CTorn

C 9HIOIPOTE3aMM TapaHHbBIX KOCTe

Figure 3. Preoperative 3D modeling

of both talus bones:

a, b — 3D models of both feet with
destruction and collapse of the talus
bones;

¢, d — 3D models of both feet with talus
prostheses
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[Tocne M3roToBNeHUST 3HAOMPOTE30B MalMEeHT-
Ke BBITIOTHWJIM OllepaTMBHOE BMeENIaTeJIbCTBO Ha
npaBoli crore. Yepes nmepegHUil OCTYN MIPOMU3BEIN
apTPOTOMMIO TOJE€HOCTOIIHOTO M TapaHHO-Jl1ajbe-
BUIHOTO CYCTaBOB. Bblaenwin U yoaamin HeKpOTU-
YyecKM M3MEHEHHYI0 TapaHHYI KOCTb, YCTAHOBWJIU
sHporpoTe3. Iloce ycTaHOBKYM 3HIOOMpOTe3a ObLia
BBISIBJIEHA OCTAaTOYHAasT (POHTAJbHAS HeCTabuIb-
HOCTb TOJIEHOCTOIIHOTO CycTaBa. [JOMOJHUTENbHO
BBINIOJIHWIM TIJIACTUKY JIaTepaIbHOTO CBSI30UHO-
ro KomIuiekca mo Brostrom-Gould ¢ mcmonb3oBa-
HMEM YAepXXuBaTess pasrubateneit nambien [13].
MMMO6MIM3aIui0 TOJIEHOCTOITHOTO CyCTaBa OCY-
IIeCTBAS/IM 3aJHeil TUIICOBOM WIMHOM B TeueHUe
4 uen. [lpoBoguiyM CTaHOAPTHYIO HPOMUIAKTUKY
TPOMO03MOOIMUECKUX OCJIOKHEeHMA. [Tocie ipekpa-
HIeHUST UMMOOWIN3AIUYM TAIMEeHT BBITIOMHSI Pa3-
paboTKy [BMKEHMII B TOJEHOCTOITHOM CYCTaBe.
OnopocIioco6HOCTh TPaBOii HIDKHE KOHEUHOCTU
6blJIa BOCCTAHOBJIEHA yepe3 1 Mec. mocye oneparmun.
DHAOMPOTE3UPOBAHME TAapaHHOM KOCTM Ha JIeBOM
CTOIIe BBIITOJHWIN Yepe3 4 Mec. Ioc/ie IepBOTo OIle-
paTMBHOIO BMellaTe/lbCTBA. VHTpaomepaluoHHO
y MarMeHTKY He GbUIO BBISIBJIEHO ITPM3HAKOB HECTA-
OGMIIbHOCTY TOJIEHOCTOITHOTO CYCTaBa, MO3TOMY ILIac-
TUKY JIaTePaJTbHOTO CBSI30YHOI'0 KOMILJIEKCa He MPo-
Bogmu. UMMOGMIM3aIMsI JIEBOTO TOJIEHOCTOITHOTO
CyCTaBa T'MICOBOI IIMHOM OCYILIECTB/SIACh B Teye-
Hue 4 Hex. OMmopocnoco6HOCTh OblIa BOCCTAHOBJIEHA
B TOT K€ CPOK, UYTO ¥ Ha KOHTpajaTepaabHOI1 CTOTIe.

Ha KOHTpo/ibHOM OCMOTpe 4depe3 12 mec. mocie
orepalnuy Ha MpaBOil CTOMe U 4vepe3 8 mec. Iocie
orepaluy Ha JieBO¥ CTOIle MalyeHTKa X04uia C MoJ-
HOJi OITOPO¥1 Ha 06€e HMKHYE KOHEUHOCTHU.

[MaiMeHTKa MOMHOCTHIO BEPHY/IACh K TTPUBBIYHOMY
06pasy sKM3HM, BOSOOHOBMIIA TPYIOBYIO AESATETbHOCTD.
I[Ipr ocmoTpe OTMeuaeTcs He3HAUUTEeIbHbBI OTeK
MSITKUX TKaHeil o06eux crom. [locieonepaiioHHbIE
pPyOIIbI COCTOSITENbHbIE 6e3 MPU3HAKOB BOCIAJIEHMUS.
AMIIIUTYOA IBVM>KEHMI B TPaBOM M JIEBOM I'OJIEHOCTOIT-
HBIX CycTaBax mosiHas. OceBble COOTHOIIEHUS MPaBo-
rO ¥ JIeBOTO TOJIEHOCTOITHOTO CyCTaBa ITpaBWIbHbIE,
MIPU3HAKOB HECTabMIbHOCTM HeT. Pe3ynmbTaThl TeC-
TUpoBaHus o mkagam: BAIIl — 1 6amn, AOFAS AH —
82 6amna, FFI — 28 6a/10B.

Ha KOHTpO/bHBIX PEHTTeHOTrpaMMax 0CeBbIe COOT-
HOIIIEHUSI B TOJIEHOCTOIHBIX CyCTaBax ITpaBUJIbHbIE,
CyCTaBHbIe 1€ paBHOMEDPHbBIE, KOCTHBIX JeCTPYK-
111 He onipepenseTcs (puc. 4). BenuumHa yria Hak/o-
Ha IMSITOYHOM KOCTM JIEBOM CTOMbI — 23°, MpaBoii CTO-
bl — 22°. BenmnumHa yria Maery eBoit cTonbl — 13°)
MpaBoii cTombl — 18°.

PesynbTaThl AMHAMMYECKON Iemobaporpadun
B TIOC/IEOINEpPaMOHHOM IIepuofie OTOOpaxkaloT II0-
3UTUBHbBIE M3MEHEeHUs] 6MoMeXaHMKM mara (tabi. 1,
puc. 5).

VBenMUMINCh MaKCMMajabHOE [aBjeHue, BpeMs
KOHTaKTa B MepeJHeM OTaesie 00eux CTOI U BpeMs
MPOIYJAbCUM B CPaBHEHUM C TMpefolnepanoHHbIM
MepuooM.

Puic. 4. PeHTreHOrpaMMbl 001X CTOII ¥ TOJIEHOCTOITHBIX CYCTaBOB B TIOC/IEOTIEPAIIMIOHHOM TIEPUOLIE —
CyCTaBHbIE I1le/IM PaBHOMEPHbIe, KOCTHBIX IeCTPYKIIMIi He ONpeessieTcs:

a — mpaBas 1 JieBasl CTOMBI B IlepefHe3aaHel IpoeKiuy 4yepes 8 Mec. Mocje MocaeaHeil onepainn;

b — npaBas cToma B 60KOBOJI TpoeKLuy uepes 12 Mec. rocjie onepauumn;

C — JieBas CTora B 6G0KOBO IMpOEKIMK yepes 8 Mec. IocJie orepaiumn

Figure 4. X-rays of both feet and ankles in the postoperative period; the joint gaps are equal,

bone destructions are not observed:

a — right and left feet in AP view in 8 months after the last operation;

b — right foot in lateral view in 12 months after operation;
¢ — left foot in lateral view in 8 months after operation
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Tabnuya 1
ITokaszaTenu ,Z[I/IHaMM‘IeCKOﬁ nenoﬁaporpaqmn ob6eux cTor A0 U I1ocCJIe JIeueHUus: v
JleBas ctona [MpaBas cTona
[Tokasarenp
o nocine pasHuia o rnocie pasHuia

MaxkcumasnbHOe gaBiaeHue, Klla 275 301 9,5% (28 kIla) 163 282 73% (119 kIla)

3aHUIt OTHEN CTOTIBI 275 262 4,7% (13 kIla) 163 190 16,6% (27 xI1a)

nepemgHNUit OTAEN CTOMbI 128 301 135,2% (173 kIla) 261 282 8% (21 klIla)
MakcumainbHas cuiia, Ko 43,6 57,6 32,1% (14 kr) 26,7 447 67,4% (18 kr)
Bpems nykia mara, cex. 1,8 0,96 46,7% (0,84 cek.) 1,87 0,70 62,6% (1,17 cek.)
da3za oropkl, CeK. 1,14 0,78 31,6% (0,36 cek.) 1,16 0,53 54,3 % (0,63 cek.)
% LMKJIA 1mara 87% 81% 6% 61% 77% 16%
dasa nepeHoca, cex. 0,66 0,18 72,7% (0,48 cek.) 0,72 0,17 76,4% (0,55 cek.)
% LIVIKJIA 1mara 13% 19% 6% 39% 24% 15%
KoHTaKT 3aHero oTaesia CTOMbI, CEK. 0,94 0,52 44,7% (0,42 cek.) 0,64 0,36 43,8% (0,28 cek.)
% (asbl OITOPbI 81% 66% 15% 56% 66% 10%
dasa peakuuu Ha Harpy3Ky, ceK. 0 0,04 0% 0,10 0,12 20% (0,02 cek.)
% da3bl OMOPbI 0% 5,13% 5,13% 8,6% 22,6% 14%
®da3za cepeayHbI OMIOPbI, CEK. 0,62 0,34 45,2% (0,28 cek.) 0,48 0,34 29,2% (0,14 cek.)
% da3sbl OMOPbI 54,4% 43,6% 10,8% 41,4% 64,2% 22,8%
[Tpormy/ibCHMBHOE BpeMs, CeK. 0,22 0,26 18,2% (0,04 cek.) 0,51 0,18 64,7% (0,33 cek.)
% Tiepuona onopbl 19% 33% 14% 44% 33% 11%
InvHa mara, cMm 38,6 48,8 26,4% (10,2 cm) 39,2 52,0 32,5% (12,8 cm)

Force versus Percent of Stance: Left Foot OBCV)KHEHI/IE
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Puic. 5. Pe3ynbTaThl IMHAMUYECKOV Tiemobaporpadumn

Ha MOMEHT KOHTPOJIbHOIO OCMOTpA: OTMeYaeTcst
YBEJIMYEHME CUJTbI, MAKCMMAJIbHOTO IaBIeHNS 1 BpEMEHM
KOHTAKTa B IlepeHeM OT/e/ie 06emX CTOI B CPaBHEHUM

C [IpeoIepaIOHHbIM [T€PUOLOM

Figure 5. Dynamic pedobarography results at the time of
the follow-up examination: comparing to the preoperative
period, an increase in force, maximum pressure

and contact time in the forefoot of both feet is noted

Haunbonee pacmpocTpaHeHHBIM METOAOM JIEUEHMS TO-
TaJIbHOTO aBaCKyJSIPHOTO HeKpo3a TapaHHOM KOCTU
SIBJIIETCST GOJbIIe6epIOBO-TaPaHHO-TIITOUHbBIA MU
60bIIeOEPIIOBO-TIATOUHBIN apTpome3 [14]. OmHUM
M3 IJIaBHBIX HEOOCTAaTKOB O60Jblle6epIioBO-IISITOY-
HOTO apTpojie3a SB/SETCS YKOpOUYeHMe HUXKHe Ko-
HEYHOCTM TIOCje BBIMIOTHEHHON acTparaaiskKToOMUn
[15]. Ons mpemoTBpalneHus JaHHOI ITPOGIEeMbI VC-
TMOJIb3YIOT KOCTHbIE a/IJI0- MM ayTOTPaHCIIJIAHTAThI
[16]. HecmoTpsi Ha xopouine OCTEOMHIYKTUBHBIE
CBOJCTBA AayTOTPAHCIUIAHTATOB, CIeNMOUKON UX
MIPUMEHEHMUSI SIBJISIETCS OTPaHMUYEHHBIN 00BEM MM-
MJIaHTaTa ¥ pUCK 6oe3HU JOHOPCKOro mecra [17].
AJIJIOTPaHCIIAHTAThI TTO3BOJISIOT M36€KaTh OCIOXK-
HEHMI1 Ha JOHOPCKOM Yy4YacCTKe, HO UMeIT MeHbIIN
MOTeHIMaa AJs KOCTHOM MHTerpauuu. HekoTopsie
aBTOpbl TIPUMEHSIOT TaHTAJOBble WM TUTAHOBbBIE
criericepsl B KaueCcTBe aJIbTepHATUBBI [18].

B peTrpocnektuBHoM ucciegoBanuu C. Frey ¢ co-
aBTopaMy coobmuan o 41% HecoCTOSTeTbHOCTU
KOCTHOTO aHKWI03a TOJIeHOCTOMHOro cycrasa [19].
M.H. Perlman u D.B. Thordarson ommicanu 28% ciyuaeB
HecpallleHMsI apTpoe3a TOJIeHOCTOITHOTO CyCTaBa y 67
MalMeHTOoB, MOMYYUBIIUX JeueHre MoCTTpaBMaTuue-
CKOT'O OCTe0apTpuUTa rOJIEHOCTONHOrO cycTasa [20].

ApTponie3 TOMIEHOCTOITHOTO CyCTaBa M CYCTaBOB
3aIHETO OTHea CTOIbI MPUBOIUT K IITyGOKMM Hapy-
MIeHUSIM OMOMEXaHUKM BCeil HMKHEN KOHEYHOCTH.
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OmnpepensitloTcss M3MEHEHUSI MaKCUMMaabHOIO IOAO-
LIBEHHOTO JaBJIeHMS, CUJIbl CTOIIbl, BpeMeHU KOH-
TakTa ¥ u3MeHeHus B (dasax mara. [Ipm sTOM CY-
1IeCTBEHHO M3MeHSIeTCsl paclipefie/ieHue Harpysku
Ha HeOIIOKMPOBAaHHBbIE CYCTABbI CTOIBI. Pe3ynbTaThl
uccremoBauust A. Suckel ¢ coaBTopaMyu MpogeMOHC-
TPUPOBAIM, UTO IOC/Ee apTpoAe3a TOJIeHOCTOIHOIO
cycTaBa MPOUCXOOUT YBeJIMUeHMe MpujiaraeMoii CUbl
¥ TIMKOBOTO JaBAeHMsI B MeIMaTbHbIX OTJle/Iax CTOIIbI,
YTO OMOMEXaHUYECKM OODBSICHSIET HereHepaluio Xps-
11a B CMEXHBIX CyCTaBaxX CTOIbI B OTAAJEHHOM Iepu-
oge [21]. Takke oTMeuaeTCss BO3MOXXHOE yBeJlInYeHye
MaKCMMaJIbHOTO JaBjieHUs B IlepeHEM OTHesle CTO-
I1bl, KOTOPOE MOXET SIBJISITHCSI MPUYMHOI CTPECCOBBIX
repeoMoOB ITIOCHEBBIX KOCTell [22].

[IpuMmeHeHMe apTpoAe3UpOBaHMS Yy HAIIEN maiu-
€HTKM TIPUBEJIO Obl K Ipyboii AMCHYHKIUMU 3aTHETO
OTHeNla CTON U TOJEHOCTONHBIX CYCTaBOB, OJHOMO-
MEHTHOM PUTUMAHOCTM 06eux CToI. MbI Ipeanosiara-
eM, YTO JBYCTOPOHHEee MopaXeH!e CYIIeCTBEHHO 3a-
TPYIHWIO Obl PEAOMIUTAIIUIO M BOCCTAHOBJIEHNUE.

DHIOMPOTE3UPOBAHME TAPAHHONM KOCTU — ajIbTeP-
HaTMBa apTpoAe3aM, ero IPUMEHSIOT IS (PyHKIIMO-
HaJIbHOTO BOCCTAHOBJIEHUSI TOJIEHOCTOITHOTO CYyCTaBa
u crombl. [Tybnukaimmu, MocBsIeHHble MHOVMBYTYaIb-
HOMY 3H/JIOMPOTE3MPOBAHUIO TApAHHOI KOCTU TIpU ee
aBaCKy/ISIpHOM HeKpo3e, MHOTOUYMCJIEHHbI U CBUE-
TEJIbCTBYIOT O BBICOKOW 3((PEKTUBHOCTY METOIa, XO-
pollei BBDKMBAEMOCTY SHAOIIPOTE3a TaPaHHOM KOCTU
[23, 24]. T. Jennison ¢ coaBTOpaMy IIPOBEJN aHAIN3
9 my6nMKaLyii, MOCBSIIEHHbIX SHAONPOTE3MPOBAHNIO
TapaHHOM KOCTH, B KOTOPBIX ObUIN OMVCAaHbI pe3y/IbTa-
ThI JleueHus 115 nanmenTos. CpemHee BpeMs HaOII0-
IeHus coctaBuiio oT 12,8 mo 152 mec. Pe3ynbraThl aHa-
JM3a noaTBepauan 3(PGeKTMBHOCTh JAHHOTO METOoIa
NP JIeYeHUM MaIMeHTOB C TOTaJIbHBIM aBaCKy/ISIPHbIM
HEKPO30M TapaHHO KocTtu [10].

[ U3TOTOBIEHUS SHIOOIIPOTE3a Haubosee 4acTo
TIPUMEHSIOT MeTa/UIMYeCKye CIIIaBbl: KOOAIbT-XPOM,
HepkaBeloljas CTajab, TUTAH C KepaMMYecKoi Io-
BepXHOCTBIO [25]. OmHaKO Tapa TpeHUs MeTa/UI-XPSIII,
0 JaHHBIM MCCaemoBaTesieii, SIBJASETCSI He CaMoil
JIOJITOBEYHO U COMpsDKeHa C BO3HMKHOBEHMEM DPsifa
OCJIO)KHEHMI 3a CYET HaKOIJIEHUSI TPOLYKTOB U3HO-
ca MeTa/ula U Xpslla B IOJIOCTU cycTasa [26]. [lapa
TPEeHMS] KepaMMKa-XpsIl MMeeT Jydilue Tpuboso-
rMYecKue CBOVICTBA UM SB/ISETCS Hambosee iaasiein
K xpsily. B Hacrosiee Bpems MPUMEHSIETCST ajllio-
MOKCUIHAs1 WM IUPKOHMEBAs OKCUOHAsS KepaMuKa.
ITo muenuio A. Salehi ¢ coaBropamu u J. Vanlommel
C COaBTOpaMH, Cpeay Pas3iINYHbIX BUIOB Ke€paMUKU
LIVPKOHMEBAsI CTaOMIM3UPOBAHHAsI KepaMuKa o6a-
JlaeT B HACToOslllee BpeMsi HAaUTyulIMMU XapaKTepuc-
TuKamu [27, 28].

PyKoBOACTBYSICh 3TOM MHMOpMAaLMeid, YIUThIBAS
BO3pacCT MalMeHTKU U BEPOSITHOCTb MPOBENEHUS pe-
BU3MOHHBIX OMEPaTUBHbBIX BMeIIATeNIbCTB, Mbl MPU-

MEeHWIM MMEHHO KepamMuueckyue IMpOoTe3bl, a He IOo-
JIMpOBaHHbIE TUTAHOBbIE, B pacueTe Ha MaKCUMaJIbHO
IOJITUI CPOK CITYKOBI. BRIOOP TaKMX MaTepUaIoB I10-
TeHUMATbHO MOXeT YMEHbIIUTb KOJIMYECTBO PEBU3U-
OHHBIX OIlepalui.

Kaxk mpaBmiio, 0CHOBOI AJ151 MOAENMPOBAHMS SHA0-
MpoTe3a TapaHHOV KoCTu caykaT maHHble MCKT, mo-
JlyyeHHble TIpM CKaHMPOBAHMM KOHTpaaTepajbHO
cTomnbl. [lajiee moaydyeHHas MOAE/b MPoeLupyeTcs Ha
MOBPEXIEHHYIO CTOITy. DHAONPOTEe3MpOBaHe TapaH-
HBIX KOCTeli IPY IBYCTOPOHHEM aBacKy/ISIPHOM HEKPO-
3€ COMpPSDKEHO CO 3HAUUTENbHBIMU TPYLHOCTSIMU IIPU
MO eIMPOBaHMM MHAINBUIYATIbHOTO MMILIAHTATA.

st co3gaHms MTHAVBUOYATbHOTO IPOTe3a 6e3 KOH-
TpasiaTepasbHOrO 06pasiia Mbl UCTIOTb30BAIM JaHHbBIE
MCKT, koTOpbI€e paHee BbIITOJTHSUIMCh ITalMeHTKON! IJIs
3TAITHOM OLIEHKU COCTOsSIHMSI. HecMOTps Ha Tpymoem-
KOCTb MOJEIMPOBAaHUSI M U3TOTOBJAEHUSI SHIOIPOTe-
3a, JaHHasl MeTOIMKA MO3BOJSIET JOCTUYDb HaUTyyullIei
afanTanuMyu SHOOIPOTE3a IOf, MMEIOIyecss 0CObeH-
HOCTM aHaTOMUM TlalMeHTa. PeHTreHosorMuyeckast
KapTuHa, Ha KOTOPOV Mbl BUIMM BU3yaJbHYIO KOH-
TPY3HTHOCTD, U yAyYllleHMe KIMHUYECKOTO COCTOSTHUS
MalMeHTKY TT03BOJISIeT CKa3aTh, YTO M36PAHHbBI HAMU
MeTof, 6bUT 3 PEKTUBEH.

OnHMMM U3 IIaBHBIX 3a7,a4 SHAONPOTEe3UPOBAHUS
TapaHHOM KOCTU SIBJISIFOTCS COXpaHEHMEe NBVKEHMI
B TOJIEHOCTOITHOM CYCTaBe M CyCTaBax 3aJHero otaesna
CTOIIBI ¥ HOpMaTM3anust 61oMexXaHUKH IIara.

T. Chen c coaBTOpaMyu IIpM MOMOIIM METOHIA KO-
HEYHBIX 3/IeMEHTOB MMOCTPOWIM MaTeMaTUUYeCKy0 MO-
Jlesb CTOTIBI TTOC/Ie UMIUIAHTAIMM SHIOIIPOTe3a TapaH-
HOJ KOCTM M 3HJOIIPOTe3a TOJIEHOCTOITHOTO CyCTaBa.
MaremaTruueckye pacyeTbl MOKa3aiu, YTO SHOOIPO-
Te3upoBaHMe TapaHHOI KOCTU MO3BOJSIET BOCIIPOU3-
BECTU OBMKEHUSI B CYCTABaX CTOIIbI, KOTOPbIE OOJbIIe
TOXOXXV Ha KMHEMAaTUKYy 340pOBOV ITOXOAKA [29].

[IpencraBieHHble pe3yabTaTbl AUMHAMUYECKOM
nemobaporpad@uy IMalMeHTKM CBUIETENIbCTBYIOT 00
yITyuIieHum 61oMeXaHVKM [ara rmocjie MHAMBUTY aJTb-
HOTO 3HJIONPOTE3MPOBAHMUS TaPAHHBIX KOCTeM 06enx
cror. [Tpu 3TOM MbI HabIIOmAIM pa3aMdYHbIe MTOKa3a-
TeM OUMHAMUUYECKON memobaporpaduu ob6eux CTOI.
AHanu3 peHTreHorpaMM B IMOC/IeONepalyioHHOM Ie-
puoze T03BO/INI OTMETUTD, UTO YIOJl HAKJIOHA TapaH-
HOJi KocTH o6eux cron omimyaercs. Ha mpaBoit crone
TapaHHas KOCTb PacrojoxkeHa 60ee BepTUKAIbHO, U
MbI HAOJTIOAAIM CPaBHUTEILHO OOJIbIIee pacipenene-
HMe Harpyskyu Ha CpeJHUIi OTHes CTOIbI, YTO TUIINY-
HO JISI TJIOCKO-BaJIbIycHOM aedopmanyu. Ha yeBoit
CTOIIe TapaHHAas KOCTh MMeJia 6ojiee MpaBMIbHOE aHa-
TOMMYECKOe IOJIOKeHMe: Harpyska pacrpefensiach
60JIbIlle HAa MepegHNit M 3aJHUI OTHENbl CTOIIbI, UTO
B OosbIeii CTemeHM COOTBETCTBYET HOPMAIbHOMY
pacrpene/ieHMI0 Harpy3ku. B To ke Bpems pasHMIlA
B pacnpefielieHuy Harpy3ku He OoTpas3ujach Ha K-
HUYECKOI KapTUHE U He OlIyIanach NaluyeHTOM.
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[Tpu aHanMse JauTEpaTypbl Mbl HE OTMETUIIN ITy-
OGNMMKaIMii, KOTOpble Obl OMMCHIBAJIM OOBEKTUBHBIE
61OMexXaHMUYeCKe M3MEHEHMSI CTOIbI Y IalieHTOB
IOoC/Ie ABYCTOPOHHEIO SHAOIPOTE3MPOBAaHMS TapaH-
HBIX KocTeli. Ha Ham B3misi, JaHHble OMHaMM4yec-
KOl Temobaporpaduu, IMpencTaBjIeHHbIE B JaHHOI
IMyOaMKaLyMM, MOTYT BbI3BATh MHTEpPEC HAYYHOIO
Co0O6IIIeCcTBa.

JOIIOTHUTEJIbHASI THO®OPMALIMISI

3aseneHHslii 6K1a0 a8mMopoe

Bce aBTOpHI cenany 3KBUBAJIEHTHBIN BK/IA[ B MOATO-
TOBKY ITyOIVIKALIAM.

Bce aBTOpBI Tpowin 1 omo6pmiay GUHANTbHYI0 BEpPCUI0
PYKOTIMICH CTaTbi. Bce aBTOPBI COT/IACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTOOBI 0OECIeUnTh Hajle-
skalee pacCCMOTPEHME U pellleH)e BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAJEXKHOCTBIO JII0607
YyacTu paboThl.

Hcmounuk  ¢puHaucupoeaHus. ABTOpbI  3asIBJISIOT
06 OTCYTCTBUM BHeITHEro (MHAHCUPOBAHUS MPU MPOBEJIe-
HUM UCCITENOBAHMS.

Bo3mozcHblii KOH(IUKM uHmepecos. ABTOPBI IeKja-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOHMIMKTOB
MHTEPEeCOB, CBSI3aHHBIX C MyOIMKaIIMel HACTOSIIEN CTAThU.

Amuueckasn 3kcnepmusa. He ripyumenuma.

HngopmupoeanHoe coznacue Ha nyoaukayuio. ABTOpbI
TIONTYyYWI TMCbMEHHOEe COomIacue MalMeHTa Ha Iy6imKa-
LU0 MEAUIIMHCKUX TAHHBIX Y M306PasKeHMIA.
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Abstract

Background. At present, treatment of patients with Charcot neuroarthropathy remains an unsolved problem.
The current state of the problem motivated us to develop a new original method of hindfoot reconstruction
aimed to form a tibiocalcaneal bone block with maximum possible preservation of limb length in patients
with Charcot neuroarthropathy.

The aim of the paper was to demonstrate a new one-stage tibiocalcaneal arthrodesis technique aimed at
preserving maximum possible limb length.

Surgical technique description. At the preoperative stage, the angle adjacent to the Gissan angle and its
bisector is measured on X-rays. After performing the Kocher ankle approach with subsequent lateral malleolus
resection and osteonecrectomy, the distal metaepiphysis of the tibia is cut in an oblique-horizontal plane at
the bisector angle, open posteriorly and equal to the preoperatively measured value. The resulting triangular
bone fragment is rotated by 180° and adapted within the external fixator.

Conclusion. The proposed method for total talar destruction in patients with Charcot neuroarthropathy is
convenient and simple for adapting incongruent calcaneal and tibial surfaces and allows reducing the lower
limb shortening in tibiocalcaneal arthrodesis.

Keywords: Charcot neuroarthropathy, total defect of the talus, tibiocalcaneal arthrodesis, limb length
preservation.
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Pedepar

Bgedenue. JleueHye malyeHTOB ¢ HelipoocTeoapTponaTtueii lllapko ocTaeTcsi B HACTOSIIEe BpeMs HepelleH-
HOVI 1Tpo6s1eMoit. CoBpeMeHHOe COCTOSTHME ITPOo6JIeMbl MOTMBMPOBAJIO HAC Pa3paboTaTh HOBBIM OPUTMHATbHBIN
Crioco6 PeKOHCTPYKLUMM 3aJHEr0 OTHeNa CTOIbI IJiS (GOpMUPOBAHUS ISITOUHO-O0IBIIEOEPIIOBOIO KOCTHOTO
6/10Ka C MAaKCMMAaJIbHO BO3MOXKHBIM COXpaHEHMEM JTMHbI KOHEUHOCTH Y MMAI[MEeHTOB ¢ HEMPOOCTE0apTPOIIaTH-
ett [llapko.

Llens pabomsl — IpPOIEMOHCTPUPOBATH HOBBII METO]] OIHO3TAITHOTO ISITOYHO-60/bIIIe6epIIOBOTO apTpo/Iesa C
MaKCUMMaJIbHO BO3MOXXHBIM COXpaHeHMeM IIMHbl KOHEUHOCTH.

TexHuka onepayuu. Ha nipefionepalilOHHOM 3Talle OCYIeCTBJISeTCS MU3MepeHMe Ha peHTreHorpaMmmMax yria,
CMEKHOTO ¢ yIJIoM I'mccaHa, 1 ero 6mcceKTpuChI. TToce oCymiecTBIeHUs JOCTYIIa K TOJIEHOCTOITHOMY CyCTa-
BY 110 Koxepy ¢ pesekijueii 1aTepaabHO JOIBIKKM M OCTEOHEKPIKTOMMUM TTPOU3BOAUTCS ONUI AUCTATIBHOTO
MeTasnudu3a 60biIe6epIioBOil KOCTU B KOCO-TOPM3OHTAIBHON TIOCKOCTYU TIOJ YIJIOM OMCCEKTPUCHI, OT-
KPBITHIM K331 M PABHBIM IPEIONEePAIMOHHO M3MePSIeMOMY 3HAUeHUI0. [ToydnBIINiics KOCTHBIV (hparMeHT
TPeyroJabHO (opMbl pa3BopaumBaeTcst Ha 180°, ¥ IPOMU3BOAUTCS afanTalyus KOCTHbIX ()parMeHTOB B amiia-
pare BHelIHel GuKcalun.

3axntouenue. [IpenjiokeHHbII HAMM METO[, OTIepaTMBHOTO BMeIllaTe/bCTBA MPY TOTAJbHOM pa3pyllieHUM Ta-
PaHHOJi KOCTM Y MaIMEeHTOB C ocTeoapTponartueit lllapko ymobeH u MPOCT I/ afanTalyuy AVCKOHTPYIHTHBIX
IPYT K APYTY TIOBEPXHOCTE MSITOYHO 11 60/IbIIIe6ePIIOBOI KOCTEN 1 ITO3BOJISIET YMEHBIIUTD YKOPOUEHME HIK-
Hell KOHEUHOCTH IIPU MISITOYHO-60/1bIIe6epIIoBOM apTpoese.

KnroueBbie coBa: HeiipoocTeoaprponatust lllapko, ToTasbHbINM JeheKT TapaHHOM KOCTH, IISITOYHO-00IbIIe-
6epIIoBbIi apTpoze3, COXpaHeHMe ITMHbI KOHEUHOCTM.

IOnsa uutupoBanus: Ocuau C.A., ITpoiiko B.T., O6onenckuit B.H., Bunorpamos B.A., Kysuenos B.B., Tamoes C.K. Crioco6
MATOYHO-60/bIIE6EPIIOBOTO apTPoe3a MPU TOTAJbHOM JedeKTe TapaHHO! KOCTU Y GOMbHBIX C HEPOOCTE0aPTPO-
natueit lllapko. Tpasmamonozus u opmonedust Poccuu. 2025;31(1):125-132. https://doi.org/10.17816/2311-2905-17605.
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INTRODUCTION

Charcot neuroarthropathy (Charcot foot) is
a condition characterized by damage to the
bones, joints, and soft tissues of the foot and
ankle. Although it can develop in case of various
peripheral neuropathies, diabetic neuropathy
is the most common cause. Several factors
contribute to its pathogenesis, including
diabetic sensorimotor neuropathy, autonomic
neuropathy, trauma, and metabolic disorders
of bone tissue. The interaction of these factors
leads to local inflammation, which subse-
quently causes bone destruction, subluxations,
dislocations, and limb deformities [1].

A literature review reveals that the
management of patients with Charcot neuro-
arthropathy remains an unresolved issue.
Despite numerous treatment approaches, none
fully satisfy the authors and other specialists.
Conservative treatment is essential but does not
provide lasting orthopedic correction, nor does it
eliminate the risks of secondary foot deformities
or trophic soft tissue lesions [2, 3, 4]. The goal of
surgical treatment in patients with complicated
diabetic neuroarthropathy is the radical removal
of bone destruction foci, correction of deformities
and removal of osteophytes that contribute to
trophic ulcer formation, and the subsequent
functional recovery of the foot through optimal
anatomical reconstruction, rational restoration
of segment length and biomechanics [5, 6, 7].
Restoring weight-bearing capacity and preserving
limb length remain clinically challenging.
Existing Charcot foot reconstruction techniques
have high complication and recurrence rates with
controversial clinical outcomes [8, 9].

Tibiocalcaneal arthrodesis using  an
intramedullary locking nail is a relatively success-
fulsurgicalapproach[10,11],withaboneunionrate
of up to 75% in diabetic patients [12]. Two-stage
arthrodesis techniques with defect reconstruction
using a free autograft offer significant advantages
for correcting absolute segment shortening
and improving graft integration but require a
second surgical procedure and prolonged fixation
[13]. Some cases report foot reconstruction
with a heterotopic allograft from the femoral
head followed by arthrodesis with locking nail
[14, 15, 16]. The use of additive manufacturing
technologies to replace talar bone defects in
tibiocalcaneal arthrodesis with titanium implants,

supplemented with autografts or allografts,
has been described in the literature [9, 17]. The
advantage of this technique is the ability to
create custom-made implants based on CT scans,
minimizing the need for calcaneal and tibial
bone resection, reducing limb shortening, and
decreasing the risk of auto- or allograft collapse
during implant integration [18].

Unfortunately, reconstructive operations or
ankle and subtalar arthrodesis with the complete
preservation of limb length are not feasible.
Talectomy with tibiocalcaneal arthrodesis using
an external fixator is an effective reconstruction
method for restoring weight-bearing capacity,
especially in patients with concomitant osteo-
penia and vitamin D deficiency [19]. However, limb
shortening in tibiocalcaneal arthrodesis occurs not
only due to the talar bone removal but also because
of the resection of the tibial and, predominantly,
calcaneal bone ends to achieve surface congruence.
According to R. Rochman et al., the average limb
shortening after tibiocalcaneal arthrodesis was
4 ¢cm (ranging from 2.5 to 5 cm) [8].

Current challenges in treating Charcot
neuroarthropathy motivated us to develop a
novel reconstruction technique for the hindfoot
to form a tibiocalcaneal bone block while
preserving maximal limb length in patients with
Charcot neuroarthropathy.

The aim of the paper was to demonstrate a new
one-stage tibiocalcaneal arthrodesis technique
aimed at preserving maximum possible limb
length.

SURGICAL TECHNIQUE

During preoperative planning, radiographic
measurements include the angle adjacent to the
Gissane angle, and its bisector. Intraoperatively,
with the patient in the supine position, after
antiseptic preparation and placement of a
pneumatic tourniquet on the lower third of the
thigh, the Kocher ankle approach is performed
with subsequent lateral malleolus resection.
The destruction site is assessed, followed by
the removal of deformed and affected talar
bone fragments, scar tissue, and pathological
granulations, as well as synovectomy, and
articular cartilage resection.

Next, an extrafocal osteosynthesis is
performed using a compression-distraction
external fixator consisting of two rings fixed
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to the tibia and two half-rings fixed to the
foot (one posteriorly and one anteriorly).
Wires are placed in an oblique-frontal plane
at the projection of the rings and half-rings
and are fixed in the plane of the rings using
wire tensioners. Half-rings are connected via
threaded rods and one- or two-plane hinges.
The distal metaepiphysis of the tibia is cut in
an oblique-horizontal plane at the bisector
angle, open posteriorly and equal to the
preoperatively measured value. The resulting
triangular bone fragment is rotated 180° and
adapted to the surrounding bone structures
within the external fixator. Fixation continues
until stable tibiocalcaneal bone block is formed.
The surgical stages are illustrated in Figure 1.

Using this method, 11 patients were treated
at the Foot and Diabetic Foot Surgery Center of
Yudin City Clinical Hospital between 2021 and
2023. Among them, 6 patients (54.5%) had type
2 diabetes, 4 patients (36.4%) had type 1 diabetes,
and 1 patient (9.1%) had distal neuropathy
without diabetes. The cohort included 9 women
(82%) and 2 men (18%), with an average age of
53.4+3.8 years (range: 30-72). The follow-up
period exceeded one year.

The average duration of external fixation was
6.4%0.2 months (5.5-7.0 months). There were no
cases of infection, nonunion, or wire-associated
osteomyelitis.

Figure 1. Schematic representation of the surgery stages:
a — destruction of the talus;
b — resection of the articular surfaces of both the distal tibial and calcaneal metaepiphysis;
¢ — markings performed;
d — sawing of the posterior edge of the tibia with the isolation of a wedge-shaped graft;
e — turning the graft by 180° for better adaptation of the fragments
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We present the use of this technique in a
clinical case of a 72-year-old female patient with
distal neuropathy without diabetes. A year before
seeking treatment, she noticed progressive left
foot deformity, was observed on an outpatient
basis. Conservative treatment and orthotic use
for one year yielded no improvement (Figure 2).

The patient underwent the described

resectional tibiocalcaneal arthrodesis at the

|

Foot Surgery Center of Yudin Hospital, with
subsequent external fixation for seven months
(Figure 3). After Ex-Fix removal, rehabilitation
involved gradual weight-bearing in an
immobilizing ankle brace with an air chamber for
10 months, followed by a transition to custom-
made orthopedic footwear with a rocker bottom
sole. The treatment outcome at 1.5 years is
shown in Figure 4.

Figure 2. Photograph and X-ray
of the foot and ankle joint before
inpatient treatment

Figure 3. Stages of surgical intervention:
a — intraoperative X-ray — fragments adaptation;
b — photograph of the wedge-shaped bone graft;

¢ — X-ray after installation of the wedge-shaped autograft

Figure 4. X-ray and
photograph

of the patient’s feet and
ankle joints 1.5 years after
dismantling the external
fixation device
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DISCUSSION

According to L.I. Sanders and R.G. Frykberg,
Charcot neuroarthropathy affects the ankle and
subtalar joints (Sanders types 4 and 5) in up to
10% of cases [20]. This region is particularly
important due to the unique vascular supply of
the talus, increased risk of avascular necrosis,
and critical functional role in weight-bearing.
Although talus involvement in Charcot
neuroarthropathy is less common than that of
Lisfranc and Chopart joints (27.60% and 30.35%,
respectively), the pathologic process in the ankle
joint is more severe [21]. Patients with distal
neuropathy continue full weight-bearing on the
compromised limb, which leads to pathologic
fractures, particularly of the talus. In diabetic
neuroarthropathy, dysregulation of the RANKL-
RANK-OPG system contributes to osteoclast
hyperactivity and subsequent bone resorption.
Additionally, increased inflammatory cytokine
levels exacerbate RANKL activation, reducing
bone repair capacity and accelerating bone
destruction [22, 23]. This results in total or
subtotal talar defects, multiplanar deformities,
and ankle instability [24],1eading to non-weight-
bearing and necessitating surgical intervention.

Despite numerous fixation techniques,
single-stage reconstructions remain relevant for
patients unwilling to undergo prolonged multi-
stage procedures for limb length restoration.

Our technique for total talar destruction in
Charcot neuroarthropathy is more convenient,
facilitating better adaptation of incongruent
calcaneal and tibial surfaces in tibiocalca-
neal arthrodesis. This method is patented
(RF Patent No 2782784, 02.11.22, “The method
of tibiocalcaneal arthrodesis for Charcot
neuroarthropathy”).

We consider this technique the method
of choice for Sanders types 4 and 5 Charcot
neuroarthropathy, allowing single-stage surgical
correction while maximizing calcaneal bone
preservation without additional bone grafting or
extended duration of fixation.

Currently, when analyzing the outcomes
of using external fixators to achieve stable
arthrodesis, it is not possible to formulate an
evidence-based standard protocol that reliably

determines the duration of external fixation,
functional weight-bearing regimens and terms,
or the specifics of orthotic support.

The introduction of the  hindfoot
reconstruction technique in clinical practice
to form a tibiocalcaneal bone block is one of
the effective and technically simple options
for restoring limb weight-bearing capacity in
patients with Charcot neuroarthropathy.

CONCLUSION

The proposed method of tibiocalcaneal
arthrodesis for severe hindfoot bone defects
represents a simple and practical surgical
solution. We hope our experience will be of
interest to specialists in foot reconstruction,
including those performing transosseous
osteosynthesis. In our opinion, this approach has
strong potential for clinical implementation as
an alternative to existing techniques for treating
Charcot neuroarthropathy.
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Pecdepar

AxkmyansHocmp. B mocienHue rogpl BO3POC/IO BHMMaHMe UCciefoBaTesneit K MEeTOAY AMAarHOCTUKY Ha OCHOBE aKyCTUYeCKOM
VIV BUGPAIMOHHO SMMUCCUM (APTPOMETPUM), KOTOPBI MTO3BOMISIET BbIIBUTD TECTPYKTUBHBIE MPOIIECCH B Mapax TPeHUs
KOMITOHEHTOB 3HZIOIPOTe3a U TeM CaMbIM IpeABUIETh UX PaHHee paciiaTbiBaHMe C IIPUHSATHEM COOTBETCTBYIOUMX Ipe-
BEHTMBHBIX Mep.

Liensto 0630pa IBNSETCS aHAIU3 CTETeHY Pa3paboTaHHOCTM METOJOB aKyCTUUYECKOI apTPOMETPUM U €€ POJIY B BISIBIIEHUU
pPaHHUX (IOPEHTTeHONIOTMYECKMX) ITPU3HAKOB paclIaThIBAHNUSI KOMIIOHEHTOB 9HJIONPOTE3a U IeCTPYKTUBHBIX MPOIECCOB
B HUX (HeXKeIaTeIbHbIX SBJIEHMIT) TOC/Ie SHIOTPOTE3UPOBAHNS Ta306eJpeHHOTO CyCTaBa.

Mamepuan u memoost. ITouck uHGOpMal IPOU3BEIEeH B 3JIeKTPOHHbIX pejieBaHTHbIX 6a3ax JaHHbIX eLIBRARY, PubMed,
Google Scholar, Crossref. [Toyck MpoBeieH Ha PyCCKOM U aHIJIMIICKOM SI3bIKaX 110 CIEAYIOIIMM KITIOUEBBIM CJIOBAM: aKyCTU-
yecKkast SMUCCHSI, BUOpaLMOHHas apTporpadus, BUGpAIMOHHAS apTPOMETPUS, Ta306epeHHbIIT CYCTaB, SHAOMPOTE3UPOBA-
HMe, acoustic emission, vibration arthrography, vibration arthrometry, hip joint, arthroplasty. I'my6una novcka — ¢ 1990 r.
o mapt 2024 .

Pesynsmamet. Bcero 6110 0TO6paHo 34 MCTOUHMKA IUTEepaTyphl. HM omHAa U3 MCCIeqOBaHHbIX TEXHOIOTMIA He BOIILIA B UMC-
JIO OGIIENPUHATHIX MEIUIIMHCKUX MCCAeTOBAaHMIA, TOCKOIbKY BCE MMEIOT CYIIeCTBEHHbIE OTPaHMUYEHNS, TaKMe KaK: 3aBU-
CMMOCTD OT IVIOTHOCTY MSTKMX TKaHel, OKPY>KaIMX SHA0MPOTE3, HepelleHHbI BOIIPOC MecTa PacIioioKeHNsI CEHCOPOB.
Takske GOBIIMHCTBO M3 HUX He alTpoOMPOBAHO in Vivo, UTO TTOKa3aJ10 6Gbl MX peasbHbIi MMOTEHIMAI JJIS TOCTIeqyIoNIel MHTe-
rpauuy B MEOUIIMHCKYIO cucTeMy. TeM He MeHee GObIIMHCTBO SKCITEPUMEHTATbHBIX MCCIeA0BAHMI TPOAEMOHCTPUPOBAIN
TTOJIOKUTENIbHBIN pe3yiabTaT B IMArHOCTMKE pacUIaThIBAHMI, pacKoyia LIEMEeHTHO MaHTUM UM pa3pylieHuss KOMIIOHEHTOB
SHOINPOTE3a Ta306€APEHHOTO CYCTaBa.

3axatoueHue. BpIsiBIIeHO TPEMMYILECTBO aKyCTUUECKOM apTPOMeTPUM KaK CAMOCTOSITeTbHOTO AVMAarHoCTUYeCKOro MeToza,
MOATBEPXKIAM0IIEro paciaTaHHOCTh KOMIIOHEHTOB SH/IOMIPOTe3a, pa3pyllieHNs IeMeHTHO MaHTUM Y KepaMUKY Ha pAaHHUX
CTaAusIX OO MOSIBIEHNSI PEHTTeHOMOTMYeCKIUX TTPU3HAKOB MPOUCXOISIIMX ITPOI[eCCOB.

KiroueBblie ¢10Ba: SHIOMPOTE3MPOBaHIME Ta306€IPEHHOr0 CyCTaBa, aCeIITUYECKOe PACIIaThIBaHME, AKYCTMUECKAsT apTPO-
METPUSI, aAKYCTUUECKAsT SIMMUCCHS.

IOns uutupoBaHus: TamraHoB B.P., Paiibensn M.A., Bacioko B.H., ITaBnoB B.B., KopeiTkua A.A. Bo3aMokHOCTHU
aKyCTMYeCcKoil apTpOMEeTPUM B SHAOIIPOTE3MPOBAHUY Ta300eIpeHHOT0 CycTaBa: 0630p auTepatypsl. Tpasmamonozus
u opmonedus Poccuu. 2025;31(1):133-143. https://doi.org/10.17816/2311-2905-17552.

DK Tawmanos Batikoxco Pycmamosuy; e-mail: b.tashtanov95@gmail.com
Pykomnuch nmonmydyeHa: 16.05.2024. Pykomvich ogo6pena: 19.08.2024. CtaThs onybmMKoBaHa oHmaiH: 13.01.2025.
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Feasibility of Vibration Arthrometry in Hip Arthroplasty:
A Review
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Abstract

Background. In recent years, the attention of researchers to the diagnostic method based on acoustic or vibration emission
(arthrometry) has increased. The method makes it possible to detect destructive changes in the bearing components
of endoprosthesis, thereby predicting their early loosening and taking appropriate preventive measures.

The aim of the review is to analyse the degree of development of vibration arthrometry methods and its role in identifying
early (pre-radiological) signs of loosening of endoprosthesis components and destructive changes in them (adverse
events) after hip arthroplasty.

Methods. The information was searched in eLIBRARY, PubMed, Google Scholar, and Crossref electronic databases in
Russian and English. The search was performed using the following keywords: acoustic emission, vibration arthrography,
vibration arthrometry, hip joint, arthroplasty. The depth of the search: from 1990 to March 2024.

Results. A total of 34 literature sources were selected. None of the studied technologies was included in the number
of generally accepted medical studies, since all have significant limitations, such as dependence on the density of soft
tissues surrounding the endoprosthesis, the unresolved issue of the sensors location. Also, most of the technologies
have not been tested in vivo, which would show their real potential for subsequent integration into the medical system.
Nevertheless, most experimental studies have demonstrated a positive result in the diagnosis of loosening, destruction
of the cement mantle and endoprosthesis components.

Conclusions. The advantage of vibration arthrometry as an independent diagnostic method is that it confirms loosening
of endoprosthesis components, destruction of the cement mantle and ceramics at early stages before radiographic
manifestations of ongoing processes.

Keywords: hip arthroplasty, aseptic loosening, vibration arthrometry, acoustic emission.
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BBEJEHUE

ToTanpHOe 5HAONPOTE3MPOBaHME B HACTOSILEE Bpe-
M SIBJIsIeTCsl Hanbonee 3(pbeKTUBHBIM U MTPeAIIOUTH-
TeJIbHBIM MEeTOJOM JIeueHMsI TTaTOJIOTUM Ta300epeH-
HOro cycraBa. Ilo JaHHBIM peruMcTpoB, OTMEYaeTCs
eXeroLHoe yBe/lUeHMe KOJIMYeCTBa KaK NePBUYHBIX,
TakK M DEBM3MOHHBIX OIlepaluii SHAONPOTEe3MPOBa-
HUSI Ta300eIpeHHbBIX CYCTaBOB. EC/iu B mepBbie Tofbl
MOoC/Ie IePBUYHOIO SHAONPOTE3MPOBAHMS OCHOBHOIA
TIPUYMHONM pPEeBU3UM SIBJISIETCS IEePUIIPOTe3HasT WH-
dexuus wiv BbIBUX (HECTaGMIBHOCTh CYCTaBa), TO
yepe3 5 yieT 1 6oee — acenTMYECKOe pacliaTbIBaHMe
WM HECOCTOSITeNIbHOCTh MMILIaHTaTa (paspylleHue,
packos, u3HoC nonmuatuneHa) [1, 2]. Ilpu maTonorun
MPOTE3UPOBAHHOIO CYCTaBa CYLIeCTBYET HOCTATOY-
HBIlt apceHasI AMarHoCTUUeCKUX CPeCTB 1 OTpaboTaH
aJATOPUTM MOCTaHOBKYM AMarHosa. [jis OLeHKU MOJo-
SKEHUS U 1[eJIOCTHOCTY SHIOIPOTe3a Ta306eqpeHHOTo
CYCTaBa, a TakKe COCTOSIHMS OKPY>KaWIIMX TKaHeii
B [IOCJIEOTIEPALIIOHHOM U OTAATEHHOM MepuUoAax Bbl-
IeSIOT JOCTaTOYHOEe KOAMYEeCTBO CrienyduuecKux
MPU3HAKOB pacllaTblBaHUSI KOMIIOHEHTOB 3HAOMPO-
Te3a, 0yYyaeMbIX C [IOMOIIbI0 PEHTT€HOTOTUYECKUX
MeTOIOB ucuienoBaHus [3, 4]. OHM, Kak MpPaBuUio,
OTPaXaloT IJIUTENbHO MPOTeKalollye MpOoLecchl, Mo-
3TOMY [0 TOSIBJIEeHUS PEHTreHOJIOTUYEeCKUX IIpU-
3HaKOB MOYKHO IOIBITAaTbCSl ONPENEeNUTb pPa3BUTHE
paclaTbiBaHMS C TOMOLIbIO aKYCTUUYECKOI IMUCCUNA.
Axyctuueckas aprpometpus (AA) CTaHOBUTCSI OLHUM
M3 TIPUOPUTETHBIX METOHOB YIIyOJIeHHON AyarHo-
CTUKM M CIIOCOOCTBYET IPUHSATUIO CBOEBPEMEHHbBIX
MIpeBeHTMBHBIX Mep [JIs JIeueHusT paciaTbiBaHus [5].
BrlmreckazaHHOe TTOUepPKUBaAET HEOOXOIMMOCTb Pa3-
paboTku Hambosiee MHPOPMATUBHBIX TEXHOJOTMIA,
obecreunBaOIIMX HAOMOAEHME 38 COCTOSIHMEM SH/I0-
MpOTe30B, 0COGEHHO B 30HE Taphl TPeHMs, UCIIbITHI-
Baolleii HauboMbIe HATPY3KM MPU SKCIUTyaTalUM
[6, 7, 8].

B nocnenHue rogbl Bo3pacTaeT MHTEPEC MeOULIMH-
CKOTO COOOI[eCTBa K AMATHOCTUYECKMM MEeTOIaM, KO-
TOpPbIE TIO3BOJISIIOT BBISIBUTb Pa3BUTHE paclIaTbIBaHUS
KOMIIOHEHTOB SH/OINPOTE3a Ha PAaHHUX CTaAMSIX, B TOM
Yucie K aKyCTUIeCcKoii Wi BUOPAIIOHHOM apTpoOMeT-
pun. B ocHOBe MeToza JEXKUT pacrio3HaBaHue CUTHA-
JIOB aKyCTMYECKOM 3MMCCUM WM BUOpaLuy, BO3HU-
KalollIMX B BUE BOJIH HaIPSOKEHUS MIPU BO3AENCTBUA
MeXaHMYeCcKMX Harpy3oK Ha TBepHbIii MaTepuan (Me-
TaJlI, KEpaMMKa, MOIUITUIIEH), KOTOpPblEe B 3HIOIPO-
Te3MpoBaHUM (HOPMUPYIOT OCHOBHBIE Tapbl TPEHMS
[4,6,7,8]. TpaIULIMOHHO CEHCOPBI aKyCTUYECKO IMUC-
CUU UCMOMb3YIOTCS B MAalIMHOCTPOEHUY U CTPOUTEIIb-
CTBe, Halpumep, A5 aHaau3a MPOYHOCTM KOHCTPYK-
uuii. B TO ke BpeMs psif, UcciiefoBaTene IbITaloTCs
afanTupoBaTh JaHHBIN MEeTOZ, AJiSl JUAarHOCTUKU CO-
CTOSIHMSI 11€JTOCTHOCTM U CTaGMIBHOCTY SHIOIIPOTE30B
[4, 9, 10]. MeTor AA, Bs51ICh HEMHBA3UBHBIM, [TIOpTa-
TUBHBIM ¥ 6€30TIaCHBIM, ITPY OIPeieIeHHBIX YCIOBUSIX

obmamaeT 6oblneil MHGOPMATUBHOCTBIO, UEM JIyde-
Bble MeTOJbl UCCIeN0BaHMsI. AKYyCTUYeCKast apTpoMe-
TPUSI MOKET ObITh MCIIONb30BAHA JJIs1 PACIIO3HABAHMS
¥ 0TOOpaskeHMSI IIPOLIECCOB PaspymIeHus (TeCTPYKIMN)
MaTepuaaoB SHAONPOTE3a V/UIN BbISIBJIEHUS [1aTONO-
TMYECKUX MPOLEeCCOB B CUCTEME «KOCTh — MMILIAHTAT»,
CTIIOCOOCTBYSI paHHel [AMArHOCTMKE pacIIaTbIBaHUS
KOMITOHEHTOB SHJIoIpoTe3a [4, 5, 11].

AKTyasnbHOCTb paHHEro OOHapyKeHUsl paspy-
HIEHMSI MaTepuasgoB, COCTAB/SIOIIMUX IMapy TpPeHus,
C MOCAeAylLMM pacliaTblBaHMEM KOMIIOHEHTOB
SHJOIPOTE3a CTAHOBUTCS OLHUM U3 MPUOPUTETHBIX
MCCIe0BaTENbCKMX HallpaBiaeHuit B oproneaun [5].
Ha coBpeMeHHOM 3Tarie pa3BUTUSI OPTONEAUM OUar-
HOCTMKa BbIIIEONMCAHHBIX HeKelaTelbHbIX SIBIEHUI
OCYILeCTB/ISIETCS NIPeUMYIeCTBEHHO JIy4eBbIMU Me-
Tomamu (peHTreHorpadusi, KOMIbIOTEpHAs TOMOTpa-
¢bus), [okasaBmUMU CBOIO 3P deKTUBHOCTb. OJHAKO
YYBCTBUTEIBHOCTh METONA M 3aBUCHUMOCTb OT IIO-
IPEIHOCTM YKJIAaJOK MalMeHTa, OMbITa peHTTeHOJI0Ta,
a TakKe JlyyeBast Harpy3ka, ce6ecToMMOCTb ¥ OTPaHU-
yeHHas! MHGOOPMATUBHOCTh IMOATAIKMBAIOT K IOUC-
Ky HOBBIX IMarHOCTMYECKUX METOLOB [JII KOHTPOJIS
KayecTBa MeAVLIMHCKOI nomoiu [3, 4]. VBennuyeHne
YA SHIONIPOTEe3UPOBAHMI BeleT K He06XOAMMOCTH
TIIATeIbHOTO HAGMIOAeH NS 3a Tal[MeHTaMu 17151 6oniee
paHHero 0OHaPY>KeHUS U TPeBeHTUBHOTO YCTPaHeHMS
HesKe/laTelbHbIX siBJIeHUIA. [I[peBeHTMBHbIe MepOoIpu-
SITUS. MOTYT OBITh OTPAaHMUEHBI HA YPOBHE KOHCEpPBa-
TUBHBIX PEBU3UIA 4,0 IEPUOLA BOSHMKHOBEHUS PUCKOB
MoTepy O6OJBIIOTO 06beMa KOCTHOM TKaHU U IIpuMe-
HEHUS PEBU3UOHHBIX KOHCTPYKLMIA, YTO NPUBOAUT
K 60/IBLIMM 3KOHOMMYECKUM 3aTpatam [6, 9, 12]. 3to
MOOYKIaeT K MOMCKY HOBBIX METONOB AMATHOCTUKU
ILJISL BBISIBJIEHUSI paHHUX NMPU3HAKOB JeCTPYKLIUU Ma-
TepUaJIOB SHAONPOTE3A WM PACILIATHIBAHMS €r0 KOM-
TIOHEeHTOB, OHUM 13 KOTODPLIX ABJseTCs AA. [laHHBIN
METOH, IMarHOCTMKM paccMaTpuBaeTCsl KakK Hempe-
pBIBHOE, HO OrDaHMYEHHOe BO BPEMEHM CDPelCTBO
MOHMTOPVHIA IO aHAJIOIUM C CYTOUHBIM «XOJITEPOB-
CKMM» MOHUTOpUPOBaHKeM. MeTon AA UCTI0/Ib3yeTCs
MIpY Pas3IMYHBIX MAaTOJOTUSIX KOJIEHHOIO CycTaBa JAjist
OLIEHKM ero COCTOSIHMSI B HODMeE M B paHHME U MO03[-
HMe TIepUOobI TI0C/Ie YHAOIPOTE3UPOBAHMS, UTO 00b-
SICHSIETCSI XOpOIlleii JOCTYITHOCTBIO STOTO CyCTaBa sl
MCCIe0OBAaHUS U OTCYTCTBMEM OOJIBIIOTO KOIMYECTBa
SKMPOBOV U MblllleyHoM TKaHeit [11, 13]. Kpome ToroO,
B JIUTepaType OMMCAHO UCIONb30BaHue AA npu usy-
yeHUM OMOMexaHMKM IepenoMoB [14] u maTonoruu
TaszobeqpeHHOro cycrasa [9].

Ileny 0630pa — aHanM3 CTeleHU pa3paboTaHHO-
CTU METOJO0B aKyCTM4YeCKOil apTpOMETPUU U ee PO
B BBISIBJIEHMM PAaHHUX (OOPEHTTEeHOIOTMYECKUX) IIPU-
3HaKOB pacllaTblBaHUSI KOMIIOHEHTOB 3HA0IPOTE3a
U 0eCTPYKTUBHBIX ITPOLIECCOB B HUX (HeXeaTelbHbIX
SIBJIEHMI1) TI0C/Ie SHAOMPOTe3MpPOBaHUs Ta3006epeH-
HOTO CyCTaBa.

135 2025;31(1)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

MATEPHAJI 1 METO/1bl
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Kpumepuu exnioueHusi: nutepaTypa Ha PYyCCKOM
M QHIJIMIICKOM SI3bIKaX, OPUTMHAbHbIE SKCIIEPU-
MEeHTaJbHble WM KJIMHUYECKME MCCIeIOBaHMS
B OpPTOTIENVY, TEXHOJOTUM, UMEIOIJ e BO3MOKXHOCTb
MOHMTOPMHTA aCENTUYECKOTO pacIiaTbiBaHMUsS, He-
COCTOSITEIBHOCTM KOMIIOHEHTOB M WM3HOCA Iapbl
TpeHus.

IMpuHIMIBI pa00THI AKYCTUYECKO

apTpomeTpun

B pesyapraTe CMI0BOrO BO3LENCTBUS Ha MaTepu-
an (MONMM3TUIEH, KepaMMKa, MeTalsI) SHIOIpOoTe3a
obpasyeTcss BOJHA HAaMpssKeHMS, PaclpoCTpaHsIo-
11asicsl BO BHEIIHIOIO Cpelly yepe3 OKpyKalolue ero
CTPYKTYpPBI (KMPOBAasi, MbIIlIeYHasl 1 KOCTHAsI TKaHM).

BosHukarormie KonebaHus, COTPOBOKAAIOIINE CTPYK-
TYPHYIO TepecTpOiKy MM JOKaJbHble paspylieHus
maTrepuasna, perMcTpUpylTCsS CeHCOpOM aKycTuuec-
KO/ SMUCCUM U 3aTeM MPeoOpasyloTcsl B IEKTPU-
YyeCcKue CUTHaJIbl, KOTOpble MOTYT ObITh OTOOpasKeHbI
B BUIe I'padMKOB 3aBUCUMMOCTY aMIUIUTYObl KoJe-
6aHus oT BpemeHu. IlomyyeHHble TaHHbIE HECYT MH-
dbopmanuio o creneHu gedopManuy U paspylieHust
maTrepuasa 3HAONPOTE3a M UX MECTOIMOI0KEHUN
[4, 9]. UcTOuHMKaMM aKyCTUUYECKOM SMUCCUU MOLYT
CITYKUTDh TPEUMHBbl MaTepuaaoB, (OpMUPYIOIMIAICS
M3HOC 00J1aCTM IUIACTMYECKOV maedopmaiuy IoJu-
3TUJIeHA BKJIAABIIIA IO IaBIeHMeM T'OJIOBKY OeipeH-
HOTO KOMIIOHEHTA, a TakKe YYaCTKM JIn3uca KOCTHOM
TKaHU PSAOM C KOMIIOHEHTaMM SHAOIpoTesa [6]
(puc. 1). HermocpeaCcTBEHHO perncTpupyeMbIMU Ma-
pameTpamu AA SBJSIOTCSI: BpeMsl HapacTaHUSI CUT-
Haima — uHTepBad R (Rise Time) mexmy mnepBbIM
MpeBbINIEHMEM [IOpOTa OrmbamwIleil CUrHaja U ee
MaKCMMyMOM; JJIUTENbHOCTb CUTHaIa — MHTepBaa D
(Duration), niau uHTepBaa MeXAy MepPBbIM U TTOC/Ie -
HUM TlepeceyeHMsIMM TIOpora Ormbaroleil curHasia,
U3MepsieMbIM B CeKyHJaX; aMIUIMTyJa CUrHaza —
P (Peak Amplitude), xapakrepusywoiiasi BeIUUNHY
nmedekra (puc. 2). Kpome Toro, MHTEpeC ¢ TOUKU 3pe-
HUSI BBISIBJI€HUSI TUIIA HapylleHus (M3HOC, Packoi,
pacuiaTbiBaHMeE) MpeacTaB/seT TaKO rmapamMeTp, Kak
SHEepIusl CUTHAJIA, 0TOOPAKAIOIIASICS UMITY/IbCOM CUT-
Hana — C (Counts) — B MakKCHMMa/IbHOJM BeJIMUYMHE,
a Takke KomuuecTtBo mMITyibcoB — C (Counts) —
B PETUCTPUPYyEeMOM CUTHaIe [4, 6, 9].

C ydeTOM BBILIEOIIMCAHHBIX OCHOB MeToma AA
CYIIeCTBYIOT BO3MOKHOCTU JJ151 IMAarHOCTUKY MIPU He-
KOTOPBIX HEXeJaTelbHbIX SIBI€HUSX, TPOSIBISIOUMX-
Cs1 B XOIle SKCIUTyaTalMy SHIOOIpPOTe3a Ta300enpeH-
HOT'O CyCTaBa.

Puc. 1. CxemaTuueckoe n306paskeHre IPUHIUIIA PAGOThI aKYCTUYECKON apTPOMETPUN: B Pe3yIbTaTe Jerpajalun
MaTepuasa aneTabyIsIpHOro KOMIIOHEHTA (TIOMU3TIIEH, KepaMMKa) (A) U CUIIOBOTO BO3I€CTBMSI (Harpy3ka BO BpeMst
XOIbObI) Ha TOMOBKY GeIpeHHOT0 KOMIIOHEHTA SHAOMPOoTe3a (B), BOSHMKAIOT aKyCTUUYeCKKe BOTHbI HanpsskeHust (C),
PacIpoCTPaHSIOIIMECS 10 aKyCTUKO-3MUCCUOHHOTO ceHcopa (D). 3aTeM B ceHCope aKyCcTHUecKast BOJIHA Tpeo6pasyeTcst
B 9JIEKTPUYECKMEe CUTHAJIBI U TIepeiaeTcsl B yeTpoiicTBO (P), B KOTOPOM 3amMChIBAETCS, XPAHUTCS U TP Tlepeiayue Ha

10607 HOoCUTeNb 0TOOpaskaeTcs B Buze rpadukos (E)

Figure 1. A schematic diagram demonstrating the principle of vibration arthrometry (VA): as a result of acetabular
component material degradation (polyethylene, ceramics) (A) and force applied (load during walking) to the head
of femoral component (B), acoustic stress voltage waves (C) arise, propagating to the acoustic emission sensor (D).
Then, in the sensor, the acoustic wave is converted into electrical signals and transmitted to device (P), in which it is
recorded, stored and, when transmitted to any medium (electronic, etc.), displayed as graphs (E)
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Puc. 2. CxemaTuyeckoe M300paxkeHye Mpeo6pa3soBaHHOTO CUTHAJIA aKYCTUYECKO SMUCCUN:

R (Rise Time) — MHTEpBaI MKy MEPBBIM ITPEBBINIEHMEM TTOPOTA OTMOAIOIIEli CUTHAIA U ee MAKCUMYMOM

D (Duration) — IIUTEbHOCTD UV MHTEPBAJ MEKIY MEPBLIM 1 MTOCTIEHUM TTepecedeHsIMI MOpora orubaroreit
curHana; P (Peak Amplitude) — ammuinTyna xapakrepusytomas Bennunny aedekra; C (Counts) — KOIMYECTBO MMITY/IbCOB
B peructpupyeMmom curHasue; Hit — rpymma MMIy/lbCoB aKyCTUUYECKO IMUCCUY, TIPEBBIMIAIOIINX 3aJaHHbIe TTIOPOTOBbIe

3HaUYeHUs

Figure 2. A schematic diagram of the converted acoustic emission signal:

R (Rise time) — interval between the first exceeding of the envelope threshold and its maximum;

D (Duration) — duration or interval between the first and the last crossings of the envelope threshold;

P (Peak amplitude) — amplitude characterizing the defect size; C (Counts) — number of impulses in the registered signal;
Hit — group of acoustic emission impulses exceeding the specified threshold values

B03MOXHOCTY aKyCTUUECKOJ apTpOMeTPUN

IIpU OLI€HKe IITYMOB B TBEPJbIX Iapax TPeHMUs
SHJOMPOTE30B U UX CTPYKTYPHOI LEIOCTHOCTH
G.W. Rodgers c coaBTOpamy IPOBENN KIMHUIECKUE
UcCIefoBaHUSI MeTOLOM AA y malMeHTOB C KepaMu-
YyeCKMMM IlapamMy TPEeHMS, TOCHUTAIU3UPOBAHHBIX
T10 TTIOBOJLY CJIBIIIMMOTO MMM IITyMa (3ByKa) B 00671aCTu
MPOTE3UPOBAHHOTO CYCTaBa, a TakKe 3KCIepUMEH-
TaJIbHOE MCCIefoBaHMEe MeTOAOM AA M3B/IeYeHHBIX
BO BpeMs peBM3UM KOMIIOHEHTOB 3HAOIpPOTEe3a Ha
cumynatope [15, 16]. B pe3synbraTe cpaBHeHMS TO-
JIyUeHHBIX JaHHBbIX CUTHAaJIbl, 3alIMCAaHHbIE TIPU KIIU-
HUYECKOM MCC/IefOBaHMM (4O M3BJIE€UEHUS KOMIIO-
HEHTOB), ObUIM MUIOEHTUYHBI CUTHAJIAM, 3aMMCaHHBIM
IpU 3KCIIepUMEHTAJbHOM MCCIeLOBAaHUM Ha CUMY-
JIITOpe, Y TeHepUPOBAIUCH 3TU CUTHAIBI AedeKTHbI-
MM yyacTKaMM KepaMMuueckux map TpeHus. [loske
A.]. FitzPatrick mpoBes aHaJIOrMYHOE MCCIeqOBaHMe
Y TIOJIYYIWJI CXOXKUI pe3yJIbTaT, OTMETUB XapaKTepHbIe
4acTOThI IYMOB B Auamnasone 1000-4000 I'x [17].

L. Roffe ¢ coaBTOpamu mnpoBenu wucciesoBaHMe
IIYMOB C NpUMeHeHVeM MeTona AA y 82 nmauueH-
TOB, UMEIOLIMX SHIOMPOTE3 Ta300eJpeHHOro CycTaBa
C KepaMuyecKo} Mapoil TpeHus, U UTOrOBOe Cpef -
Hee 3HaueHMe IOMyYeHHBIX MMM YacTOT COCTaBWIIO
0,8 xI'y, (800 T'1x) [18]. Bce aBTOpPBI OTMETMIIN BBICOKUIA
MoTeHUan AA B IMAarHOCTUKE HeXeIaTelbHbIX HIy-
MOB, BO3HMKAIOIIMX B K€paMUUYECKUX Iapax TPeHUs
SHIOIPOTE30B Ta300eIpeHHOTO CYCTaBa.

Y. Yamada ¢ coaBTOpaMy MCIIONIb30BaaM METOL,
AA 11 OlleHKM MaKCUMMaJIbHOTO Harpy304yHOro I10-
TeHIMana " MPOBOAMMOCTY 3HEPTUM Y KOMITOHEHTOB
KepamMuueckux map tpenus [19]. Umu Ob110 3asBiie-
HO, UTO yBeJIMueHe SHepry aKyCTUUEeCKO IMUCCUN
B BUIe MuKa Ha rpaduke (ayamorpaMme) COOTBET-
CTBOBAJI0O MOMEHTY packoja KepaMuku. Pe3ynbTaThi,
npuBeneHHbie S. Wakayama ¢ coaBTOpamu, IIOf-
TBEPXKIAIOT BbIBOIbI MTPEIbIAYIIMX aBTOPOB, B TOTMON-
HEeHVe OHM OTMeuajiu JajbHelInee pacIpocTpaHeHue
JIMHUM pacKoyia KepaMUKM, MOMEHT BO3HMKHOBEHMS
KOTOPOTO COOTBETCTBOBAJ MMKOBOMY 3HaUE€HUIO aKy-
CTUYECKOV SMMUCCUM, UTO MOKHO ObUIO MPOCIEIUTH
10 rpadMuecKUM IpyU3HaKaM Ha ayauorpamme [20].

A. Khan-Edmundson ¢ coaBTopaMy TaKXe OLleHMU-
BaJIM BO3MOKHOCTM AA MOHUTOPMHTA IIPYU KIMHUYE-
CKOM 00ceqoBaHuM 45 MaliMeHToB ¢ KepaMUUecKoit
rmapoii Tpenus. OHM OTMEeTWIN TOJOKUTENbHBIN 3¢-
dexT peanmusaluy OAHHOTO METOHA IUATHOCTUKMA.
ABTOpbI Habmogaau myM B mosoce 20 kI, a 3HAUM-
Mble JaHHbIe, 10 MX MHEHMIO, He TIPeBbIIIajIN Jyara-
30H 10 KI'1g [21].

D. Glaser ¢ coaBTOpaMy MpPOBEIM KIMHUUYECKOE
obcnemoBaHye 24 Mal€HTOB C SHAOIPOTEe3aMU Ta-
300eApPEeHHOr0 CyCTaBa, MMEIOMVMM KepaMMUUeCKyIo
napy tpeHusi. OHM OLIEHMBAIU IIYMbl METOAOM AA,
COTIOCTABJISISI TIOMIyYeHHble [aHHbIe C JIBUKEHUSIMU
B IIPOTE3MPOBAHHOM CyCTaBe ITOJl KOHTpOJieM BUIeO-
dmroopockomna. ABTOpPbl OTMETUIM OTJIMUMSI B YAaCTOTE
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U aMIUIUTYAEe Pa3HbIX TUIIOB IIYMOB (CKpUII, XPYCT,
CTYK) ¥ BO3MOXKHOCTb UX auddepeHIanbHON qua-
rHoCcTuKu Metogom AA [22]. TTo3ske Ta Ke TpyIa aB-
TOPOB BBHITIOJIHWIA MCCIEIOBaHMe C yyacTueM 5 ma-
LIMEeHTOB C pa3HbIMM TapamMu TPeHUS 3SHIOIPOTE30B
Ta306eqpeHHOT0 CycTaBa. MMy GbUIM COMNOCTaBJIEHbI
pes3yabTaThl, ITOJlyueHHble MeToAoM AA, ¢ pe3yibra-
TamMu BUAeo(II00POCKOMTMUECKIX 3aIiCeli SHAO0IPO-
Te3a Ta300eApPeHHOr0 CyCcTaBa B OBWKeHUU. B urore
MOJIydeHHble MeTOAOM AA CUTHa/Ibl B KaXXAOM mape
TPeHMSI OTIMYAIUCh APYT OT Apyra. Taxke 6bLIIO OT-
MeYeHO, YTO CUTHaIbl TeHEPUPOBAINChH B MOMEHT
MMKpOcCernapaiuy TOBePXHOCTe Mmapbl TPeHMS U 06-
paTHOTO MX yIapa IIpu CONMTPUKOCHOBEHUM, UTO COBITA-
a0 C MOMEHTOM OKOHYaHMS LKA 1mara [23].

F.J. Kummer ¢ coaBTOpammu, mpoBeAs aHaIU3
98 map TpeHus SHAOIPOTE3OB Ta306eIPEHHOTO CyC-
TaBa, HAINPOTUB, He OOHAPYXMUIU CYIIECTBEHHOTO
pasauuMs B KOJMEGAHUSAX AKYCTUUYECKOW SMUCCUMN
paciraTaHHbIX ¥ CTA6MIbHBIX COCTOSTHMII KOMITOHEH-
ToB sHpompoTe3a [24]. C. Rowland ¢ coaBTOopamu,
MpoBeJs aHaau3 3amuceit mapbl TpeHUS MeTalI-Me-
TaJll, TIOTy4YeHHbIX MeTOAO0M AA Ha UCIIbITATEeIbHOM
CTeH[Ie B KOMMYECTBE 3 MUWIJIMOHOB IIMKJIOB, 06HAPY-
SKMJIM XapaKTepHble [IJis1 U3HOCA CUTHAJbI, YTO CBU-
JIeTeJIbCTBOBAJIO O HAIWYMU Y MeTOAMKU AA 60/b-
1I0TO TOTeHLMasa s paHHel AMarHoCcTUKM U3HOca
rapsl TpeHus [25].

C. Lee c coaBTOpamMM Ha 3SKCHEPUMEHTAIbHOM
CTeHie C MMUTAalMell BHYTPUCYCTABHO Cpeabl B TpeX
(asax (xombba, rpucemaHue U COH) MPOAEMOHCTPU-
pOBaJlM, UYTO CUTHAJBI («XUThI») aKyCTUUECKOM 3MUC-
CUU KOPPEIUPOBAIM CO CTPYKTYPHOM Aerpaganneit
U U3HOCOM TojI0BOK (criaBsl Ti6Al4V u CoCrMo) sH-
Jomnporesa [6]. ABTOpbI UCCIENO0BAIN TTOBEPXHOCTHU
TOJI0BOK 3HOMPOTE30B MOCae 3 MUUIMOHOB UMUTA-
LIMOHHBIX IMKIOB XOAbObl METOAAMM PEHTTEeH-CITeK-
TPOMETPUM U MUKPOCKOMMMU. UMM OBLIO TTOKa3aHo,
YTO IIPU YBEJIMUEHUM KOIMUYeCTBa CTPYKTYPHBIX Ae-
rpajauuit Ha MOBEPXHOCTU TOJIOBOK OLHOBPEMEHHO
YBEJIMUUBAJIUCH U BCIUIECKM CUTHAJIOB («XUTOB»). DTO
MOCAY>XKWJIO OCHOBaHMEM IMpuUMeHeHUss MeToma AA
IPYTUMU UCCIeN0BATENSIMMU /11 PAHHETO BbISIBJIEHUS
CTPYKTYPHBIX JAerpajauuii MOBEPXHOCTU TOJIOBOK.
[TosTomy 6BIIO TIPEAJIOSKEHO TTOTyYaTh ICXOLHbIE 3a-
MUCU METOIOM AA B paHHEM MOC/IeoIepaliOHHOM
nepuone u Jajiee — eXerogHo [AJisi CpaBHEHUS UX
C oCaeayIUMU 3aIUCSIMNA.

B03MOKHOCTM aKyCTMYECKOI apTpoOMeTpUum
IIPpU OLI€HKE pacliaTbiIBaHVSA KOMIIOHEHTOB
SHIOMNpPOTE3a Ta300eIPEHHOT0 CyCTaBa

npu 6eciieMeHTHOI puKcanumn

X.]. Gao ¢ coaBTOpaMy 6bUIM OJHUMM U3 II€PBBIX, KTO
npuMeHMUIN AA mipu paHHeM acelTMYeCKOM paciia-
ThIBAaHMM KOMIIOHEHTOB 3HJIOMPOTE30B Ta306eapeH-

Horo cycraBa y 120 nauyeHToB [26]. IIpoBens cpas-
HEeHMEe C PEHTIeHOJOTMYeCKUMU U KIMHUYeCKUMU
IaHHBIMM, aBTOPbI MIPUIIIM K 3aKIIOYEHUIO, UTO pe-
3y/lbTaThl AA KOPPENUPYIOT C PEHTTeHONIOTMYeCKUMU
IaHHBIMM aCeNTMUEeCKOTO pacliaTbIBaHMUS KOMIIO-
HEHTOB 3HJOMNpPOTe3a. Bbulu MoTyueHbl aHOMaJ/IbHbIE
MMITY/IbChI, COOTBETCTBYIOLI[ME U OTpakaloliue pac-
HIaThbIBaHME KOMIIOHEHTOB A0 IMOSBIE€HUSI PEHTTeHO-
JIOTMYECKUX MPU3HAKOB pacliaTbIBaHMUS, YTO TOCITY-
SKMJI0O OCHOBaHMEM [Ji1 (GOPMUPOBAHUSI aBTOPAMMU
TUIIOTE3bI NPEBOCXOACTBA MeToAa AA Haj, peHTTeHO-
JIOTUYECKUM METOIOM.

AxycTuyeckue UIYMbl, COOTBETCTBYIOIIME pac-
MIAThIBaHMIO, 3a(PUKCUPOBAHBI TPYIIIION aBTOPOB Ha
OCHOBaHMM YaCTOTHO-PE30HAHCHOTO MOHMTOPUHIA
paciaTeiBaHMs 6eCIieMeHTHBIX KOMITIOHEHTOB JH[I0-
MPOTE30B Pa3/JIMYHBIX MPOU3BOAUTENEI HA TOBSIKbUX
KoCcTsiX. OHM OTMeTW/IM, YTO YaCTOTHBI DPe30HaHC
MpU paciiaTaHHbIX KOMIIOHEHTaX MMeeT 3HAUMTellb-
HOE OT/INYMe OT Pe30HAHCA IMPU CTa6MIbHBIX KOMIIO-
HEHTax 3HA0IPOTe30B [27].

A.P. Georgiou u J.L. Cunningham B 2001 r. rpen-
JIOKVJIM MICITOIb30BaTh KojiebaHus yactoroit 1000 It
B IVCTAJIBHOM KOHIIe 6epeHHOl KOCTY U CUUTHIBATH
OTKJIMK KOJIeOaHMi1 B IMPOKCYMMAJIbHOJ ee yacTu B 00-
JIaCTU SHIOIpOTe3a TazobegpeHHOro cycraBa [28].
Vimu mpoBoauiach oljeHKa IyTeM MOHMTOPUHIA UC-
KaskeHMsI HOPMbI BOJTHBI / COOTHOIIIEHWSI TapMOHMYEC-
KUX KoJieGaHMii Ha OIpeeseHHOM 4acToTe, BXOHs-
IIMX B COCTaB CUTHa/Ia (COOTHOILIEHUE «TapMOHUK»),
B pe3y/bTaTe KOTOPO ObLIM BHISBIEHBI TPU MPU3HA-
Ka pacliaTblBaHUSI SHIOIPOTE3a:

1) BO3HMKHOBeHME IISITU U 60Jiee «TapMOHVK;

2) U3MeHeHMs aMIUVIMTYObl OCHOBHOI «TapMOHU-
Ku» 6oj1ee 50%;

3) BO3HMKHOBEHME IBYX U 6oyiee pe30HAHCHBIX
YacToT.

ABTOpBI B pe3yJsibTaTe MPOBeAEeHHOI0 MCC/Ie0Ba-
HMSI OPUILLIM K BbIBOZAaM, 4yTo AA Ha 20% 4yBCTBU-
TeJibHee M Ha 13% cnenuduyHee pPeHTIEHOIOTU-
yeckoro mertopa. Kpome toro, meton AA criocobeH
BBISIBUTh PAaCHIaTaHHOCTb KOMIIOHEHTOB 3HJOIPO-
Te3a MPU OTCYTCTBUU PEHTTEHOJIOTMYEeCKUX MTPU3Ha-
KOB. MeTon AA obiafgaeT HaMGOIbIIEl YYBCTBUTEb-
HOCTbIO TIPU pacuiaTbiBAaHMM Ta30BOTO KOMIIOHEHTA
MMEHHO Ha paHHUX cTaausx. [Ipy 3ToM Npu3HaAKU
pacuaTaHHOCTY KOMITOHEHTOB OObEKTUBHBI ¥ MOTYT
OBITh MCITOJNIb30BAHbI JJISI AMArHOCTUKY pacIiaTaH-
HOCTM TpPU COMHUTENbHBIX PEHTTeHOJOTrMYeCKUX
NpuU3HaKax.

A.C. Unger c coaBTopamu B 2009 T. TOBTOPUJIN BbI-
[IE€OTCAHHbIN OMBIT HA TPYITHOM MaTepuase. ABTOPbI
OLIEHWIM aKyCTMYEeCKUii pe30HaHC KaK IOTeHIuas
aKyCTMYECKOTO IMPOTHO3MPOBAHMS CTAOMIIBHOCTY H-
JIOMpOoTe3a MyTeM MOoJauyM aKyCTMYEeCKOTO MMITY/b-
ca B GeApeHHYI0 KOCTb C TMOCIEYIONM BHEITHUM
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cuuTbiBaHMeM [29]. UacToTa OTK/IMKA BO3pacrana Cco
CTeINeHbI0 HeCTAOWIBHOCTM IHAOIMPOTE3a U COCTABU-
sa 400-800 I'.

A.A. Alshuhri ¢ coaBTOpamu [j1s1 OLEHKM paciia-
TBIBAHMSI aleTabyasipHOTO KOMIIOHEHTA B 3KCIIEpU-
MeHTe CO3JaBalu KojaebaHus B OUCTAIbHOM KOHIIE
6enpeHHoi Kocty B guamnasone 1000 I' u momyvanm
OTKJIMK B 00jaCcTV Ta300eqpeHHOro CyCTaBa, IpuU-
KpenuB [Ba aKkceliepoMeTpa CIeAyIIuM 06pa3oMm:
MepBbIii Ha OOJBIIOM BepTesle OGeIpeHHOl KOCTH,
BTOpPOI — B IPOEKLUMN IepeJHeBepXHEeN OCTU IIOA-
B3JOILIHOM KOCTU. VIMM yumuThiBajiaChb pa3HuUIA pe-
TUCTPUPYEMBIX YacTOT MEXAY IepBbIM M BTOPBIM
ceHCOpOM. BbIsiBiieHME MCKaskeHUS (POPMbI BOJTHBI
(rapMOHMK) Ha BTOPOM CEHCOpPE MHTEPHPETUPOBAHO
Kak TNPU3HAK pacuiaTbiBaHus 3HAomnporesa [30, 31].
J.S. Rieger moBTopwmi skcrepuMeHT A.A. Alshuhri
C HeOOJBIIMM OTINUYMEM, PUKCUPOBAB TPETUIi CEH-
COp B 06JIACTY HAJMBIIIEJIKOB OeIpeHHOI KOCTH, ITPU
3TOM B 00J1acTM GOJIBIIOTO BepTejia reHepUpOBaInCh
UMITY/IbChI ¢ 4yactoToit 100-2000 T'u. BeisiBieHHOE
CMellleHMe CIIeKTpa YacTOT OTKAMKA K [OMala3oHy
yacToT 386—-847 ' paclieHeHO Kak IMPM3HaK paciia-
ThIBaHMSI KOMIIOHEHTOB [32, 33].

VYCTaHOBJIEHO, YTO B YEThIPEX U3 LIECTU OMMUCAH-
HBbIX BbIlle METOOMK TpeOyeTcsl momada CUrHamza oOT
BHEIITHEro MCTOYHMKA (Tabs. 1). B ueThipex ucciaemo-
BaHMSIX B KaueCTBe M3MepuUTessl NMPUMEHSJICS aKce-
JiepoMeTp. Bce nipenioskeHHbIE TEXHOIOTUM TIPELIIO-
Jlarayii M3aMepeHue paciiaTbIBaHUSI Kak 6eqpeHHoro,
TaK U BePTIY>KHOTO KOMIIOHEHTOB.

[IpenmnonoxkeHus (3aK/IOYEHMSI) O HAAUMYUM pac-
HIaThIBaHMSI KOMIIOHEHTOB SHA0NPOTE3a eNaaCh:

1) opu cmeleHUM LUEHTPATbHOM YaCTOTHI Ompe-
JleJIeHHOTO IMana3oHa;

2) Ha OCHOBAHMM MCKaKeHUs POopMbI Kojie6aHmit;

3) Ha OCHOBAaHMM pasHUIBI KO3 duimeHTa rap-
MOHMK — TapMOHMYECKOTO KojebaHMs, Ha Ompe[e-
JIEHHOJ 4acTOTe BXOJSIIEro B COCTaB CUTHAIA.

B cemu 13 BocbMU McCC/IegOBaHUI CMellleHNe 4a-
CTOT BapbupyeT B amanasoHe no 1000 I'm [26, 28,
29, 30, 31, 32, 33], uTO, II0 MHEHUIO aBTOPOB, COOT-
BETCTBYeT TPMU3HAKYy pacllaTbiBaHUSI 3HIOINPOTEe3a.
B omHOM wMcciemoBaHMM aBTOPbI He TMpeNCTaBUIU
pes3yabTaThl B YMCIOBOM BHUJE, a JUIb MMOAYEPKHY-
1 (GaKT CIIOCOOHOCTU YCTPOVICTB K PacIO3HABaHMIO
BOJTH, COOTBETCTBYIOUIMX paclIaThIBaHUIO KOMIIOHEH-
TOB 3HJONpoOTe3a [27].

Tabnuya 1

ITokasaTeny permcTpUpPyeMbIX KoJIeGaHMii P paciiaTbIBaHMY KOMIIOHEHTOB 3HAOIPOTEe3a
O6eciieMeHTHO MKcanyy, 1o JAHHBIM JIUTEPATYPbI

ABTOpBI Turn uccinenoBaHust Hoxasme;;pg}g:g::;gnpyemoro CpaBHeHue
Gao X.J. c coasrT. [26] Kimmanueckoe uccinenoBaHyue 50-500 I'g Pentrexnorpadms
Paech A. c coasr. [27] JKCIepUMeHT - -
Georgiou A.P. c coasr. [28] Knnuunueckoe uccienoBaHue <1000 I’ PenTtreHorpadus
Unger A.C. ¢ coasr. [29] OKCIIepUMEHT 400-800 I'zg -
Alshuhri A.A. ¢ coasr. [30, 31] DKCIIepUMEeHT <1000 I'y, -
Rieger ].S. c coaBT. [32, 33] DKCIIePUMEHT/KIMHNYECKOe 386-847 I'y -
ucciiefoBaHue

OueHKa pacuiaTbIBaHMUS KOMIIOHEHTOB

pu eMeHTHO huKcanuu 3HA0IPoTe3a
AxycTuueckasi apTpoMeTpusl TO3BOJSIET OLIEHUTh
CTPYKTYPHYIO 1[€JIOCTHOCTD 1]eMEeHTHO MaHTUU KOM-
IIeKca «KOCTb — LieMeHT — 3HIompoTe3». J.P. Davies,
yueHuk W.H. Harris, ofHUM 13 TepBbIX U3YUUJI TIPO-
Ilecc pacmiaThiBaHus (DeGOHOMHTra) M3BAEYEHHBIX
1IeMeHTHbBIX SHJONPOTE30B HAa TPYIMHOM MaTepua-
Jie TIal[MeHTOB, YMePIINX OT €CTeCTBEHHbIX MPUYKH.
[MpoBogM/Iach 3ammuch aKyCTUUECKO 3MUCCUU, BO3-
HUKaWIeli B I[eMeHTHOV MaHTuu. C yBeludyeHu-
eM packojia MaHTUM WMIM BO3HMKHOBEHMEM HOBBIX
MUKPOTPEIIMH OTMeUYeHbl yBeIuueHUe WMMITYIbCOB
aKyCTUUYeCKOM 3MUCCUY U UX KOPPEJISILINS C pACKOTIOM
LIeMEeHTHO MaHTUM, MOATBEPKIEHHBIM MMUKPOCKO-
I4ecKku [34].

A. Roques ¢ coaBTOpamMyu OTMETUIU 3aBUCUMOCTb
VIMITYJIbCOB aKyCTMYEeCKO SMMUCCUM OT HAarpysku u
pacrnonoxeHus nedexkra LieMeHTHO! MaHTuUuM [35].
G. Qi ¢ coaBTOpamMy Ha KCIIEPUMEHTAIBHON MOJenu
OTMETWIN, UTO Haubosiee 4acTo AeeKThI (TPENUHBI)
LIeMEeHTHOV MaHTUM OTMeUaloTCsl B IMPOKCUMAalIbHOM
ee YaCTy U COOTBETCTBYIOT 10 Knaccudmkanyuu Gruen
30HaMm 1 u 7 [36]. izeHTHOMLIMPOBAHHbIE STUMU aB-
TOpaMy 30HBI fedeKTa MaHTUM ObLIM MOIATBEpPXKIe-
Hbl peHTreHorpadmuyeckuM MeTOAOM MCCIeOBaHMS,
OJHAaKO CMellleHVe GelIpeHHOro KOMIIOHEeHTa BJOJb
ocy 6eipeHHOIt KOCTY IIPY Harpy3Ke He MPOSIBISIOCH.
ITomo6Hoe uccneroBanue nosTopuau M. Browne c co-
aBTOpaMy, IOOIIOMHUB 3amuch AA yIbTPasBYKOBBIM
MCClIeloBaHyeM LIeMeHTHO MaHTUU IS LeTaIbHOTO
ITOHMMaHMSI HalIPaBIeHHOCTY PacIpOCTPaHeHMs pac-
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KOJIa IIeMeHTHOV MaHTUM. B pe3ysibTaTe aBTOPHI MO -
YepKHY/IM YyBCTBUTETBHOCTD MeTOA AA, CTTOCOOHOTO
BBISIBUTD PACKOJIbI IIeME@HTHO MaHTUM, HELOCTYIIHbIE
ST BepuduRanuy mpu yabTpa3ByKOBOM MCCIe0Ba-
Hun [37].

s AMarHOCTUKM pa3pylieHus eMeHTHOM MaH-
TUM UM pacliaTbiBaHus OGeJpeHHOTO KOMITOHEHTA
P.L. Li c coaBTOpaMyu NpUMeHWIN TEXHOJIOTHIO, aHA-
JorMuyHylo onucaHHoit A.P. Georgiou [28], KoTopyio
OH paHee MPUMEHWJ MPU UCCIeL0BaHUM paclliaThbl-
BaHMS GeclieMeHTHBIX KOMITOHEHTOB JHIOIPOTe3a
TazobeapeHHOr0 cycrasa [38]. YcrpoiicTBO, pacro-
JIO)KEHHOE B JUCTAJIbHOM OTHese 6eqpeHHO0 KOCTH,
pacnpoCTpaHsio MeXxaHWUecKue MMITY/IbChbl, & BTO-
poe MpuHMMalolllee YCTPOCTBO — Ha MPOKCUMaJIb-
HO# JacTy 6epeHHO KOCTU — C ITOMOIIbI0 CEHCO-
POB DETUCTPUPOBAIO Npuxonsuue (Ipollesiiyne
yepe3 O6eIpeHHbI/i KOMIIOHEHT IIPOTE3a) UMITY/IbCHI.
Ha ocHOBe 1MonyuyeHHOTr0 CMUrHajia aHaJIu3MUpoBaIach
CTeneHb OEeCTPYKUUM LIEMEHTHOW MaHTUM U, COOT-

BETCTBEHHO, pacHIaTbIBaHUS II€MEHTHOTO OenpeH-
HOT'O KOMIIOHEHTa. ABTODPbI ONUCAJIN TPU COCTOSTHUS
LIeMEHTHOTO 3HAO0IpOTe3a: HOPMY, paHHee paciia-
ThIBaHME U TO3[Hee pacuiaTbiBaHue. [Ipu 3TOM aB-
TOpPbI OTMETW/IN, YTO 3HAUMMOE MCKaskeHue CUrHasa
OTpakajaocCh JUIIb MPU TaK Ha3blBAEMOM I103JHEM
paciiaTblBaHUM, B TO BpeMsl Kak B CIyyasx HOP-
MbI U/WJIN «paHHET0 pacliaTbIBaHUSI» OTKIUKUA UM-
ITy7IbCOB HE MMeJIN CyleCTBEHHbIX pa3inunii. PaHee
A.D. Rosenstein ¢ coaBTOpaMy MCIIOJIb30Ba/IM CXO-
KYI0O TEXHOJMOTMIO AA, OOHAKO CYIIECTBEHHONM pas-
HUITBI MEXAY OTKJIMKAMM 060MX COCTOSTHUI He BbI-
swm [39]. A. Rowlands ¢ coaBTopamu yBemuumin
myanasoH yactor ¢ 100 mo 1500 I'u, Ho ¢puKcUpoBa-
JIM TOJBKO OJHO COCTOSIHME — pa3pyllleHue MaHTUU
M pacmaTbiBaHye KOMIOHeHTOB [40]. Umu 6b110 T10-
Ka3aHO, YTO HaMOOJIbINAS YyBCTBUTEIHHOCTb METO/A,
OTpaXkalolasl pacliaTbiBaHMe HIONPOTE3a LeMeHT-
HOM (puKcanyy, COOTBETCTBYET YAaCTOTAM B JMara3o-
He 100-450 I'ry (Tabut. 2).

Tabauya 2

IlokasaTenn permcTpmMpyeMbIX KoJIeGaHmit npu paciiaTbIBAHMM KOMIIOHEHTOB SHAOIIPpOTE3a
HeMEHTHOﬁ (l)I/IKCElI.U/IM, 10 JaHHBIM JIUTEPATyPbI

ITokasaTenu
ABTOpBI Tun ucciegoBaHust CpaBHeHMe
PETUCTPUPYEMOTO KOIe6aHMsI

Davies J.P. ¢ coaBT. [34] OKCHepuMeHT - Mukpockonus
Roques A. c coaBr. [35] OKCIepUMEeHT 46-76 116 Muxpockonus
Qi G. c coasr. [36] OKCIIePUMEHT 63-66 [16 PentreHorpadus
Browne M. ¢ coaBT. [37] OKCIIepyMEeHT 44-57 116 ViabTpa3ByKoBoOe

CKaHMpOBaHMe
Li P.L. c coaBT.[38] Knmunueckoe ucciaenoBaHue 100-1200 I'tg, -
Rosenstein A.D. c coaBT. [39] Knunnueckoe uccienosanmue 230-325Tn, PenrreHorpacdwms,

KaJlaBepHbI MaTepuan

Rowlands A. c coasr. [40] OKcIlepuMeHT 100-450 I'y, -

VHTpaonepamnyoHHas peajimsanyus MeToa
aKyCTUYeCKO¥ apTpoMeTpPuM AJjIsl OLLleHKU
MEepPBUYHOV CTAGMIBHOCTY KOMIIOHEHTOB
3HIOMIpoTe3a

MeTton AA Takke anpo6MpoBaH MpU MHTPAOIepaIy-
OHHOI1 OlleHKe MPOYHOCTM DUKCcAIUMY UMILIAHTATOB.
M. Lannocca ¢ coaBropamu u E. Varini ¢ coaBTopamu
MpeIJIOKWIM UMHTPAOIepallMOHHO OLleHMBATh Iep-
BUuHYyI0 press-fit pukcaimio. B 060oux ucciemoBanm-
SIX CEHCOp YCTpo¥icTBa (GUKCUPOBAICS Ha OGOJIBIIOM
BepTesie GeApeHHOI KOCTH, UTO, TI0 MHEHMIO aBTOPOB,
MO3BOJISVIO OT/IMYATh UCTUHHYIO press-fit ¢ukcanyio
OT «KBa3MUCTaOWIbHO» JOKHOI press-fit dukcaimm.
YacToTHOe pasiauyyue CUrHAJI0B MeXAY ABYMS STUMU
COCTOSTHMSIMM ObUTO oLleHeHO B 5 'y [41, 42]. TIpu aTom
aBTOpbl CMOIIM 3adMKCUPOBATH MMUKPOIBVSKEHMS
6epeHHOr0 KOMIIOHEHTa HZOINPOTe3a B AMana3oHe
Io 150 pm, uTo 6BITIO paclieHeHO MMM KaK [TOPOroBoe
3HaueHMe I BepuduUKaAUM HEJOCTATOUHON «KBa-
3UCTaOWIbHOI» JTOXKHOI press-fit ukcaryn.

L.C. Pastrav ¢ coaBTOpamy Ipejjaraiy paclo-
jlaraTh CEHCOp Ha liejike 6eJpeHHOr0 KOMITOHEH-
Ta 9HJOINPOTe3a, TeM CaMbIM OLleHMBaThb press-fit
¢dbuxcanuo 6epeHHOr0 KOMIIOHEeHTa. B arom wuc-
c/lefioBaHMM OBLTM TIPOTECTUPOBAHBI OepeHHbIe
KOMIIOHEHTbl 3HJOMNPOTEe30B HA KauyecTBO press-
fit duxkcauuu y 83 manueHTOB BO BpeMs orepaLuu
SHIOTPOTE3MPOBAHMS Ta306eqpeHHOro cycTasa [43].
B pesynbraTe 6bUIa BBISIBIEHA MpPsIMasi KOPPESIIUS
yBeIUUYeHUsI pe30HaHCHOI YacTOThI C yBeIuYeHUeM
KauectBa press-fit pukcauum 6empeHHOrO0 KOMIIO-
HeHTa B 86,7% ciryuaes.

PH. Pechon c coaBTOopammu mpemocTaBuwiu pe-
3y/IbTaThl 3KCIIEPMMEHTANIbHOIO MCCIENOBAaHUS [JIS1
BBISIBJIEHVMSI MHTPAOINEPAalMOHHBIX IePUIIPOTE3HBIX
MepesioMOB TIPY MMIUIAHTAUUM OeclieMeHTHBIX H-
Iompore3oB. IIMKoBoe WM3MeHeHMe pPe30HaHCHbBIX
YacTOT B MOMEHT MMIUIQHTAlMM CBUAETEIbCTBOBA-
JI0 O BO3HMKHOBEHUM TepeioMa 6GelpeHHOl KOCTH.
B pesynpraTe MMM ObUIM TIOTYYEeHBI [JaHHbIE 00
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MHTpAaoIepanyoHHOM Iiepejiome ¢ 72% MOpPOrHOCTU-
4eckoil TOUHOCThI0 [44]. P.P. fIkynoB ¢ coaBTOpammu
OOHAPYKMIM XapaKTepHble CUTHAIBI-TIPEIUKTOPbI
MHTpaoIlepalMOHHbIX MePeIoMOB MPOKCMMAaTbHOTO
oTnena 6eIpeHHOo KOCTU B MOMEHT 06paboTKM KaHa-
Jla U MUMIUIaHTalMX KOMIIOHEHTa, COOTBETCTBYIOIIE
yacroTte Konebanmii B 700-750 I'ry [45]. [Tosxke J.C. Wei
C COaBTOpPaMy MpenjIoKUIN CUCTEMY OLIeHKM M3[a-
BaeMOTO 3ByKa (CUTHaJIa) BO BpeMs 06paboOTKM KOCT-
HOMO3TOBOT'O KaHayia 6eJpeHHOI KOCTY PalIITUISIMU
71T TIPOGMIAKTUKYM SITPOTEHHOTO MHTPAOIIepaIioH-
HOTO TepUITPOTE3HOr0 IepeoMa MpyU UMILIaHTauun
6eIpeHHOT0 KOMITOHEHTAa. ABTOPBI MPOAHAIMU3UPO-
Basiu 2583 aymmosarmcy, oJiydeHHbIe BO BpeMs MM-
IUIAaHTALMM ¥ OTMEeTWUIN, YTO YacTOTa 3BYyKa B Mpeje-
nax 3140-4660 I'u coorBeTcTBYET press-fit pukcarmm,
a BbIlle YKa3aHHOro IapaMeTpa — COOTBETCTBYeT
COCTOSTHMIO OMM3KOMY K CBEpPIIEHMIO IepUITPOTE3-
HOTO TepejioMa, YTO MOKHO paclieHMBaTh Kak Ipe-
IUKTOp mepenoma [46]. Q. Goossens ¢ coaBTOpamu
MPeIJIOKWIM MOAENb YCTPOICTBA IS MHTpaoliepa-

JOIIOTHUTEJIbHASI NTHO®OPMALIMISI

3asenenHslii 6K1a0 agmMopoe

Bce aBTOpHI cenany SKBMBAJIEHTHBIM BKJIAJ B TIOATO-
TOBKY IyOIMKAIVA.

Bce aBTOpBI TpOWwIM U omo6pmwiv GUHANTBHYI0 BEPCUIO
DYKOITMCH CTaThy. Bce aBTOPBI COMMIACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe acCIeKThbl paboThl, YUTOOBI 0OECIIEUNTD Ha/IJIeXKa-
Iee pacCMOTPEHMe U pellleHVie BCeX BO3MOKHBIX BOTIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEKHOCTBIO JII0007 YacTu
paboThI.

Hcmounuk  ¢unaucupoeanus.  ABTOpbI  3aSIBJISIOT
06 OTCYTCTBMM BHEIIHEro GuHaHCHMPOBaHMS MIPU MPOBee-
HUM UCCIIeTOBaHMSI.

Bo3mosicHblii KOH(AUKM uHmepecos. ABTOPHI IeKia-
PUPYIOT OTCYTCTBME SIBHBIX Y MOTEHIMATbHBIX KOHGIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaleii HaCTOSIIEN CTaTh.

Imuueckas skcnepmu3a. He npumeHnMma.

HngopmupoeanHoe coznacue Ha nyoaukayuio.
He TpebyeTcs.
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Pedepar

AxkmyansHocme. 1o COBpeMeHHbIM ITPEeICTABIEHNSIM, B OCHOBE aCeNITUYECKOI HeCTAOUIbHOCTY SHIOMIPOTE30B CYCTABOB
JIEKUT AJINTENIbHO MTpOTeKalliee BOCIasieHne, BbI3bIBAIOIIEe MepUIIPOTe3HbI ocTeonns. Ha pa3BuTye mepunpoTe3Horo
OCTeoN3a U acerTUYECKOi HeCTAOMILHOCTY SHAOTIPOTE30B MOTYT BAUSATH Pa3IMyHbie aKTOPbI, TAKME KaK I10J1, BO3PACT,
YPOBeHb aKTUMBHOCTM U Apyrue. Pan mcciaemoBaTeneil OTHOCUT K TakuM (akTopam moamMopdu3Mbl T€HOB, CBSI3aHHBIX
C BOCMAaJIeHVEM, KOCTHBIM MeTaboJM3MOM M OPYTMMU Ipolieccamy. [ToHMMaHMe CBSI3YU MEXOY ONpefeleHHbIMU TeHe-
TUUYECKUMM MapKepamu U Pa3sBUTHUEM OCIOKHEHMI SHIOTPOTE3UPOBAHUSI MOKET MTO3BOUTD ITTyOKe MOHATh MeXaHU3-
MbI TEPUITPOTE3HOTO OCTEOIN3a M ACENTUYECKOI HeCTAOWIbHOCTHU, & TaKKe MPOTHO3MPOBATh Pa3BUTHE OCIOKHEHUI
y MaIMeHToB.

Llenwy uccnedosanus — Ha OCHOBE aHAIM3a JIUTEPATYPhI ONMPENETUTh POIb UHAVBUIYATbHBIX TeHETUYECKUX 0COOEHHO-
cTeit manueHTa B pa3sBUTUM MTEPUITPOTE3HOTO OCTEONN3a U ACETITUUECKO HeCTaOMIIbHOCTY SHAOMPOTE30B CYCTaBOB.
Mamepuan u memodst. [ToyicK OpUTMHATBHBIX pabOT MpoBoaMiICcs B 6a3ax saHHbIX PubMed, Google Scholar, eLIBRARY 1o
KJIFOUEBBIM CJIOBAM: SHIOMPOTE3VPOBaHME, TeHETHKA, acelITuYecKass HeCTabuabHOCTD, momuMopdusM; endoprosthetics,
genetics, aseptic loosening, polymorphism. I[IpoBepka Ha COOTBETCTBME TEMATUKE VCCIEJOBAHNS BBIMOTHSIACH TI0 3a-
rOJIOBKAM M pe30Me CTaTeii, ocjie Yero MpoBOAMIICS aHa/U3 ITOTHOTEKCTOBBIX BepCHii. PA6OTHI, ITOHbBII TEKCT KOTOPBIX
He ObUT LOCTYTIeH, He OII€HUBAINCH.

Pe3ynomamest. Ha pa3BuTue acenTMuecKoro pacHIaTbIBAHUS MOTYT BAMSATH MOTMMOP}U3MBI TEHOB, PETYIUPYIOIMX
IIpOIecchl BOCIIaJIeHMs, KOCTHOrO oOMeHa, nuddepeHIMpOBKY, anonTosa u genenus kiaetku: IL1B, IL6, RANK, OPG,
FRZB u pgpyrue. [laHHbIe UCCAeA0BaHMI1 C TOHOT€HOMHBIM aHaAM30M acColMalii MPOTUBOPEUYMBLI M MOTYT CBUIE-
TeIbCTBOBATD, UTO B PA3JIMYHBIX TOMYISINSIX TeHEeTUUeCcKMe HaKTOPBhI, BAUSIONME HA aCelTUUYeCKOoe paciuiaThiBaHNe,
MOTYT OTJIMYATHCS.

3axnioyerue. IHAVBUIyaIbHbIE TEHETUYECKME OCOOEHHOCTM TALMEHTa MOTYT UTPaTh 3HAYMMYIO POJIb B IEPUITPOTE3-
HOM OCTEO/IM3e U aCEeNTUYECKOI HeCTabMIbHOCTY SHIOMPOTE30B CYCTaBOB. HeCMOTPS HA TO, UTO B psifie MCCIeIOBaHMIt
ompeiesieHbl reHeTUYeCKye MOMMMOPOU3MBbI, TPEATIONOKUTENIBHO BAMSIONIME HA Pa3BUTHE HECTAOMIBHOCTY, TPEOYIOTCS
JIOTIOJTHUTEbHbIE UCCIeNOBAHMS IJIsI IPOBEPKU MOMYUYEHHBIX PE3YAbTATOB U OLIEHKM BO3MOXKHOCTY 3KCTPAIOIUPOBATD
TIOJTyYeHHbIe JaHHbIE Ha APYTHe TTOMYISIIAA.

KimroueBbie ¢j10Ba: S5HIONPOTE3MPOBaHME, TEHETHUKA, aCeIITUYeCKas HeCTaGI/IJ'[bHOCTb, HOJII/IMOpCl)I/BM.

Ons nurupoBanusa: Kamenckumit A.Jl., JoubkuHa A.U., Tlapaxux 0.B., KostyH O.I., ITapumkoB M.B. Ponb reHHbIxX
MOMMMOP(PU3MOB B Pa3sBUTUM aCENTUUECKOV HeCTabMIbHOCTM SHIOMPOTE30B KOJEHHBIX UM Ta300eqpeHHbIX CYCTaBOB:
0630p uTepaTypbl. Tpasmamonozus u opmonedust Poccuu. 2025;31(1):144-156. https://doi.org/10.17816/2311-2905-17487.
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Role of Gene Polymorphisms in the Development of Aseptic Loosening
of Knee and Hip Prostheses: A Review
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Abstract

Background. Aseptic loosening is a significant issue in the endoprosthetics of major joints of the lower limbs. In the
modern view, aseptic loosening of joint prostheses is primarily caused by prolonged inflammation, which induces
periprosthetic osteolysis. Various factors, such as sex, age, activity level, and others, can influence the development of
periprosthetic osteolysis and aseptic loosening. Some researchers attribute to the factors gene polymorphisms related to
inflammation, bone metabolism, and other processes. Understanding the connection between specific genetic markers
and the development of endoprosthetic complications can provide deeper insights into the mechanisms of periprosthetic
osteolysis and aseptic loosening, as well as allow for better prediction of complications in patients.

The aim of the study — based on a literature review, to identify the role of individual genetic traits in the development
of periprosthetic osteolysis and aseptic loosening of joint prostheses.

Methods. The search for original studies was conducted in the PubMed, Google Scholar, and eLIBRARY databases using
the following keywords: endoprosthetics, genetics, aseptic loosening, polymorphism. Relevance to the research topic was
verified by titles and abstracts of the articles, followed by analysis of the full-text versions. Papers with no access to the
full text were not assessed.

Results. Polymorphisms in genes regulating inflammation, bone metabolism, differentiation, apoptosis, and cell division
processes can influence the development of aseptic loosening. Among such genes are IL1B, IL6, RANK, OPG, FRZB, and
others. Data from genome-wide association studies are contradictory and may suggest that genetic factors influencing
aseptic loosening can differ among various populations.

Conclusions. Individual genetic traits might play a significant role in the development of periprosthetic osteolysis and
aseptic loosening of joint prostheses. Although several studies have identified genetic polymorphisms that presumably
influence the development of loosening, further research is needed to verify these results and assess the possibility
of extrapolating the findings to other populations.

Keywords: endoprosthetics, genetics, aseptic loosening, polymorphism.
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BBEJEHUE

AcenrTuyeckast HecTabMIbHOCTh (AH) sHAOMPOTE30B —
camasl yacrasi IpuMuYMHa PeBU3MOHHOTO 3HIOIPOTe-
3MpOBaHMS B OTAAJIEHHOM nepuoge [1]. KnuHnueckn
AH mposiBisieTcss 601b10 M HapylieHueM QYHKLIUU
CycTaBa, peHTTeHOJIOTNYeCKM — 00pa30BaHueM 30HbI
nepuriporesHoro ocreonnsa (I1I10) n murpaumei sH-
IIOTIpOTe3a, a TaKKe OTCYTCTBYMEM MPU3HAKOB MH(DeEK-
MM TI0 JAHHBIM JIaGOPaTOPHBIX MCCAeOBaHMIt [2].
NsBecTHO, uTo III10 pasBuBaeTcs 3a CyeT MeAJIeHHO
MIPOTEKAIOLIEro MepuIpoTe3HOro Bocnanenus [3].
ITocsie ycTaHOBKM 9HAOIMPOTE3a B 06JIACTU OIepa-
1My 06pasyeTcsi CMHOBUAIbHO-IIOA00HAS OKOIOIPO-
Te3Has MmeMmbpaHa (synovial-like interface membrane,
SLIM), kotopasi (opmupyeT rceBmokarncymy [4, 5].
Ocreonu3 BO3HMKAeT M3-3a XPOHMUYECKOI BOCIAJIMU-
TeJIbHO peakiuy, CBI3aHHO ¢ Je6PUCOM — MUKPO-
CKOMMYECKUMMM YacTUIAMM, KOTOpbIe IOSIBISIOTCS
TIPU U3HOCE SHAONPOTE3a U BbI3bIBaKOT B SLIM pekpy-
TUPOBaHMe KJIeTOK, BKIoJast Makpodaru, Gubpobina-
CTBI, TMMQPOLUTHI ¥ OCTEOKIACTDI. DTU KJIETKU CeKpe-
TUPYIOT MPOBOCHANIUTEIbHbIE U OCTEOKIACTOT€HHBIE
LUMUTOKMHBI, YCWIMBAs BOCHAIUTENbHYIO peakLUIO.
Kpome nipsimoit akTuBaLium BOCITJIEHUS [IOCPEACTBOM
(daroumrosa, Ha gyuHaMuKy I1I10 BAMSIIOT ayTOKPUH-
Hble ¥ TlapakpuHHble 3¢ deKTbl B MEPUIPOTE3HOM
MpOCTpaHCTBe. Pa3BuTie M aKTUBHOCTb BOCHAJIEHUS

SNP

lenE

3aBUCAT OT CTelleHM M3HOCa SHAoNporesa [6, 7], Me-
XaHMYECKOM Harpysku [8], a/uieprmueckoit peakuumu
Ha MeTayln [9], meiCTBUS KMIKOCTHBIX TOKOB BOKPYT
3HJOIIPOTE3a U MPOLIECCOB KOPPO3UM, KOTOPBIM MO -
Bepraercsi umiuianTtar [10]. VimeoTcs cBUIeTeNnbCTBa
0 TOM, YTO TreHeTnYecKue haKkTOpPbl, BKIIOUAS OTIETb-
Hble BOBJIeUeHHble B BOCIajieHM€e TeHbl U Te€HOTUIIbI
B LIeJIOM, TaKKe BHOCAT BKiaz B pa3sutue I1I10 [11].

TpysHOCTM MHTepIIpeTauuu pe3yIbTaToOB
OPUTMHAJIbHBIX UCC/IeOBaHMI

VisyuyeHue BAUSHMSI T€HOTUIIA Ha MPOSIBIIEHME KOM-
IJIEKCHOTO TpMU3HAKa, TaKOro0 KaK CKJIOHHOCThb
K TTepUIPOTE3HOMY OCTEO/NIN3y — HEeIpocTas 3amava.
KomruiekcHbie (CIOKHbBIE) TTPU3HAKM KOHTPOIUPYIOT-
CS1 HECKOJTbKMMM T€HaMM UM CEeMeiiCTBaMM TeHOB.
IMposiBieHye X B GEHOTHUIIE 3aBUCUT OT B3auMOei-
CTBUSI 9TUX T€HOB MEXIY 00071 U BIUSTHUS (GaKTOPOB
OKpYy’Karomieii cpebl. OCHOBHbBIE TeHeTHYecke ¢dak-
TOPBI, BAUSIONIME Ha MTPOSIBJIEHNE CJIOKHOTO MpU3Ha-
Ka, TIPeICTaBJIeHbl Ha PUCYHKe 1.

B ocHOBe reHeTHYeCKOI M3MEHUMBOCTY IIPU3HAKA
JIEKUT TOMYISIIMOHHBIN MOMMMOPGMU3M HYKI€OTUI -
HBbIX TI0OC/IeIOBATEbHOCTE} T€HOB, OTBEUAIONMINX 3a
MpOSIBJIeHMe TIpU3HaKa B ¢eHoTure. FeHeTUUeCKUt
monmuMopdu3M  BKIIOYAET  OJHOHYKJIEOTUIHbIE
3aMeHbl, HYKJIEOTUAHbIE BCTaBKM  (MHCEPIVN)
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Puc. 1. TeHeTnuecKve M3MEHEHMS U TUITbI a/UTeIbHBIX B3aMMOJIEIiCTBIIA, BIusone Ha heHoTun: SNP (single nucleotide
polymorphism) — omHOHYKIEOTUIHBIN monuMopbu3M, CNV (copy number vatiaton) — Bapuaius unucia Komnmit reHa, DEL
(deletion) — memenus, INS (insertion) — uHcepius (pucyHok A.JI. KamMeHCKOro)

Figure 1. Genetic changes and types of allelic interactions affecting a phenotype (by Kamenskii A.D.)
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u peneuuu rnociaemoBatenbHocTeit [JHK. Kpome Toro,
YMCI0 KOIMIA 1eJIOro psifia reHOB (JIOKYCOB) B T€HO-
Me MOXeT pasjanuaTrbes. Mx Bapuaius (copy number
variation, CNV) nipeacrasisieT co60ii 0coObIii THUII Te-
HETUYECKOro monumopdusmMa, KOTOPbI/i BO3HMKAET
B pes3yibTaTe HecOaJaHCHMPOBAHHBIX XPOMOCOMHBIX
epecTpoek, B OCHOBHOM [eNeluii M OyIUIMKaiuii.
B wurore umwio xommit KOAMPYOIIUX MOC/IE€A0Ba-
tenbHOcTel JTHK cHusKaeTcs MM MOBBINIAETCSI, UTO
MMPUBOAUT K CHMKEHMIO MM ITOBBIIIEHUIO YPOBHEI
arcapeccuun Kogupyemoro 6enka miu PHK 1 okassi-
BaeT BIusiHMe Ha ¢eHotuil. Botencreue CNV mHanu-
BUIyaJibHbIe T€HOMBI Pa3/JIMYalOTCS 10 YMCITy KOTIMIA
nocnegoBarenbHocTeli JHK pasmepom oT 1 Thic. A0
HeCKOJIbKMX MUJUTMOHOB I1ap OCHOBaHUIA.

B manpHeliieMm a1 BCeX YKa3aHHbBIX Bapualuii
MbI BOCIIOJIb3YEMCSI TEPMMHOM <IIOJIMMOPPUIM».
B monynsium BCTpeualoTcs pasyiMdyHble TeHHbIe T10-
JMMOP(GU3MBI, IPEICTaBIEHHbIE AJJIEJIbHBIMU Bapy-
aHTamu. B pe3ynbraTe B3aMMOIEVCTBUS MEXAY HUMU
MPOSIBJISIETCSI TOT MM MHOM ¢eHoTun (cM. puc. 1).
[Tpu MOTHOM JOMVHMPOBAHUY B (DEHOTUIIE TETEPO3U-
TOThbI TPOSIB/SIETCS TOJABKO NOMMHAHTHBIN IMPU3HAK,
KOHTPOIMPYEMBII COOTBETCTBYIOIIMM ajuienem. [Ipu
HEITOJIHOM JOMMHMPOBAaHUM TPU3HAK B (PeHOTUIIe
reTepO3UTOThI MMEET IIPOMEKYTOUHYIO POPMY MEKIY
TOMO3UTOTOM MO JOMMHAHTHOMY M TOMO3UTOTOM MO
peLecCMBHOMY ajlieno. BsauMoneiicTBue aienein no
TUITY KOJTOMMHMPOBAHUSI TPUBOIUT K MPOSIBIEHUIO
B (eHOTUIIE T'eTEepPO3UrOThl MPU3HAKOB, KOHTPOJN-
pPyeMBIX ¥ TOMMHAHTHBIM, ¥ PEIeCCMBHBIM alIesisi-
Mu. AJlsiesibHOe MCK/IIOUeHME CBSI3aHO C OTCYTCTBUEM
3KCIIpeccuy OOHOTO U3 ajuiesieli He3aBUCUMMO OT JI0-
MMUHAHTHOCTU. [Ipu3HAK MOKeT KOHTPOIMPOBATHCS
TaKKe HeCKOJIbKMMMU TTapamMiy ajijiebHbIX TeHOB. [Ipu
B3aMMOJIEICTBMM HeaslJieJIbHbIX TeHOB ITPOSIBIIeHME
MpyU3HaKa B GeHOTHUIIE 3aBUCUT OT CyMMapHOI'O B3au-
MOZEeNCTBUS ajjieeil TeHOB, KOHTPOIUPYIOIIUX STOT
nmpu3Hak. Ha mposiBiieHne IMpu3HaKka MOXKET BIIMSITb
SMUTeHEeTHKa — MPUOOpeTEeHHbIe UM YHACIEIOBaH-
Hble ocobeHHocTy JTHK, He cBsI3aHHbBIE C M3MEHEHM-
SIMM T€HEeTMUYECKOro KOJIa, HO BIMSIOUIME Ha PaboTy
KJIeTKU.

CHIOXHOCTh M MHOIO3HAYHOCTh B3aMMOCBSI3€il
MEXIY FeHOTUIIOM U (PeHOTUIIOM ITPY HACTeI0BaHUNU
KOMIIJIEKCHBIX MPM3HAKOB CO3[aeT IIeblil psif, Mpo-
6JieM, CBSI3aHHBIX C MOVCKOM IIPUUMHHO-CIEACTBEH-
HBIX CBSI3€/I MEXOy TeHEeTMUYECKUMMM IONMuMopdus-
MaMM ¥ (EeHOTUIIMUYECKUMMU TIPU3HAKAMM, a TaKKe
C OLIEHKO} BKJIaJa IPYIMX IeHeTM4YecKuxX (HakTopoB
B UX pa3sBUTHE.

O1eHKa pUcKa 1 IaHCa MePUIPOTE3HOTO
oCcTeoamn3a

JIJ1s1 aneKBaTHO OLIeHKM Pe3yabTaTOB UCCIeOBAHMIA,
MOCBSIIEHHBIX CBSI3U re”HoTtuna u I1I10, HeobXoaMMOo
ONpeleNnuTb IOHATUS pUCKa M 1IaHca. Puck mpen-

CTaBjsIeT co60il Mepy BepPOSTHOCTM HACTYIUIEHUS CO-
ObITUS (TIEPUIIPOTE3HOTO OCTEONN3a, ACEITUYECKOM
HeCTabWIbHOCTY MM uHOro). Tak, ecin 10-meTHMI
PUCK acenTUYECKON HeCTaOMIbHOCTM SHAOMPOTE3a
B ucuiegoBanum coctasun 10%, to y 10% ot umciaa
BCeX MaleHTOB, IOMYUYMBIIMX SHAOIPOTE3UPOBAHNE,
B TeueHue 10 yieT mocyie onepauum Habmoganach AH.
Ecin umeetcst BTopas rpyiina, B KOTopoit 10-meTHMit
PUCK acerTuYecKoii HecTabuabHOCTHU cocTaBwmi 20%,
TO TPYIIITbl MOXKHO CPaBHUTD C TIOMOIIbIO COOTHOIIIEe-
Husl puckoB (risk ratio — RR), KoTopoe mjs1 BTOpOit
TPYIIIbI COCTaBUT:

RR = R2 _20% _

R1 10%
rae R2 — puck AH B rpynme 2; R1 — puck AH B rpyme 1.
BpinmonHeHHBIVI MOACYET O3HA4YaeT, UYTO PUCK
pasButusi AH BO BTOpoJi rpymnme B 2 pasa BBILIE.
B 3apyGexxHOil JMTepaType TakkKe WCIOIb3yeTCs
tepMuH “hazard”, 4TO TepeBOAMTCS aHAIOTUUHO
TepMuHY ‘Tisk”, OmHAKO 0603HAYAeT BEPOSATHOCTh
HACTYIUIEHUS] COOBITUSI B KaXKIblii MOMEHT BPeMEHU
(HampuMep, BeposTHOCTb pa3Butusi AH y manuenTta
B TeUeHMe CJeflylolero Mmecsua). [lyisi cpaBHEHUS Be-
muunH “hazard” B McCIeqoBaHMUSIX MUCIONb3YETCS CO-
otHomeHue (hazard ratio — HR), 1 mokasaTenb cxo-
IleH ¢ cooTHoueHreM puckoB (RR). OCOGHSIKOM CTOUT
nmoHsiTMe manca (odd): maHC COOBITUS OTIPENESeTCs
KaK OTHOIIEHME UMCJIa CJTyYaeB, KOTa coObITHE Ha-
CTYNIWIO, K YMCITy CIy4YaeB, KOrga 3TOr0 He MPOM30-

1u10. 1711 yKa3aHHbIX BbIIe TPYIII IIAHC COCTABUT:

AH _ 01 _
HeAH 0,9

2,0,

Illanc AH (rpynmna 1) = 0,1,
roe AH — uncio (goins) manyueHToB ¢ AH; HeAH — unc-
JIO (oJis1) TTALlMEeHTOB, Y KOTOpbIX AH He HacTyrmia.

W3 roacueToB SIBHO BUIAHO, uTo OR OymeT mpumep-
HO PaBHBIM 2,5, YTO MOXKET BBECTM B 3a0yKIEHUE
TIpU OLIEHKe pUCKa.

Ucnonb3oBaHMe  BBILIEONMCAHHBIX  IOKasaTe-
Jieil MeeT CBOM TOJIOKUTENIbHbIE U OTPULIATENbHbIE
CTOpPOHBI, KOTOpbIe 0OCYKIAIOTCSI HEKOTOPbIMM aB-
Topamu [12]. BaxkHO NOHMMATh, UTO NPUMEHEHMe
PasIMUYHBIX METOIUK OI€HKM PUCKA U CIIOCOOOB 00-
paboTKM U CpaBHEHUS HAHHBIX TPUBOAUT K CJIOKHO-
CTSIM B MHTEepIIpeTaluyu pe3yabTaTOB UCCIeL0BaHMS.
Hanee oueHKM pUCKOB B Buae cootHoueHuii RR, HR,
OR paccmaTpuBawTCS B COOTBETCTBUM C OPUTUHAJIb-
HBIMU UCC/IeLOBaHUSIMMU.

Ilens uccnedosanuss — ompenenuTb Poab MHIUBU-
IyaIbHBIX TeHEeTUUYEeCKUMX OCOOEHHOCTelt MalyeHTa
B Pa3BUTUM [IEPUITPOTE3HOIO OCTEO/M3a U aCENITUYEC-
KOJ HeCTabMJIbHOCTU YHAOMPOTE30B CYCTABOB.

MATEPHAJI 1 METO/1bI

Hamu BbINOJHEH MOMCK OPUTMHAJIBHBIX paboT B Oa-
3ax maHHbIXx PubMed, Google Scholar u eLIBRARY
[0 KIIOUEBbIM CJIOBaM: 3HIOIPOTE3MpPOBaHMUeE,
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reHeTMKa, aCernTuyeckass HeCTabMIIbHOCTD, TIOJIMMOP-
¢usm, endoprosthetics, genetics, aseptic loosening,
polymorphism. IIpoBepka Ha COOTBETCTBME TEMATUKE
MCC/IeA0BAHMS BBITIOMHSIIACH IO 3aTOJIOBKAM U pe3Iio-
Me CTaTelf, Ioc/ie Yero IMpoBOAMIICS aHAIN3 TIOTHO-
TEKCTOBBIX Bepcuii. PaGoThl, MOMHBINA TEKCT KOTOPBIX
He OB TOCTYIEH, He OLIEHMBAIMUCh. Y KaXKIOil Haii-
JIEHHO CTaTbyU MPOBEPSIICS CIVICOK JUTEpPaTypbl Ha
TpegMeT APYTUX MyOaMKaImii, KOTOpble MOTYT ObITh
BK/TIOUEHBI B aHamm3. K cokaneHuio, Mbl He 06GHaApy-
SKMJTY OTeYeCTBeHHBIX MCC/IeNOBAaHN, TTOCBSIIIEHHBIX
YKa3aHHOMY BOITPOCY, MIO3TOMY B 0030p BKJIOUEHBI
TOJIBKO 3apyOeskHbie Iyonmkaiuu. Bcero B 0630p
6bUI0 BKIIOUEHO 20 OpUTMHATBHBIX PAOOT, HOCBSIIIEH-
HBIX OLIeHKE BJIVSIHUSI TeHOTUIIA Ha pa3BUTHE aCerTy-
YeCKO¥ HeCTabMIbHOCTY SHAOIPOTE30B CYCTABOB.

PE3VJIbTATbBI
HNHTepiielikKuHbI

ViHTepneiikuHbl — GOJIBIIIOE CEMECTBO OEIKOB, yuac-
TBYIOLIUX B BOCHAJIEHUM, pereHepanuu, peryassuun
SKM3HEHHOTO LVKJIa, MMMYHHOM OTBe€Te U [OPYIrUX
npoueccax. B pasnMyHbIX MCCAeTOBAHUAX OLIEHU-
BaJIOCh BJIMSIHME HA pa3BUTHE aCeNTUUYECKOl HecTa-
OWJIBHOCTU WIM TIEPUIIPOTE3HOTO OCTEOIM3a MOJU-
MOphM3MOB T€HOB, KOAUPYIOIINX MoeKyabl IL-1a,
IL-1B, IL-1RA, IL-2, IL-4, IL-4Ra, IL-6, IL-10, IL-12
[13, 14, 15, 16, 17].

IL-1

CemeiictBo IL-1 BKIIOUaeT B cebs 11 LIMTOKMHOB,
5 peuenTtopoB 1 6 Ko-peuentopoB [18]. IL-1la 3xkc-
MPeccUpyeTcss MOCTOSIHHO BO MHOTMX KJeTKaX, B TO
BpeMsi Kak IL-1B HaumHaeT 3KCIpeccUpoOBaThCS B
OTBeT Ha P CTUMYJIOB, BKIWOUas cam IL-1B3, u Tonb-
KO B MMMYHHBIX KieTKkax [19]. IL-1RA (interleukin-1
receptor antagonist) nomaBysieT BOCHAIUTEIbHYIO
akTUBHOCTh. Jlo6aBnenue IL-1B B KyJabTypy MBIIIU-
HOM KOCTHO}M TKaHU CTUMYJIMPOBAIO CUHTE3 psla
MaTPUKCHBIX  MeTa/UVIONMPOTEMHA3, YYaCTBYIOIIUX
B Jerpajaumuy BHeKIeTouyHoro marpukca [20]. Kpome
TOTO, MHTEPJIeIKMHBI CeMeliCTBa BbI3bIBAIOT MpeBpa-
mieHue Gpuopo6IacTOB B OCTEOK/IACTHI in Vitro 1 KOCT-
Hy10 pe3opbuuio [21, 22].

[Monumopdn3mbl reHOB, Koaypytonux IL-1a, IL-1B,
IL-1RA, 6bI1M M3yUeHbI B TPeX PasJIMUHBIX UCCIIENO-
BaHMsX [13, 14, 15]. Kak nokasanu A. Gordon c coas-
topamu [15], HocuTenbcTBO amnens ILIRA rs419598
OBLJIO CBSI3aHO C MEHbIIIeil BEPOSITHOCThIO OCTEONH-
3a B BBIOOpKe M3 612 maiueHTOB (OcTeonus — 272,
KoHTposb — 340, OR = 0,69 (0,48-0,99)* p = 0,048),
MO0 AAHHBIM PEerpecCMOHHOrO aHanusa. [asi omHo-
HYKJIeOTUIHOTO Monmmopdusma (single nucleotide
polymorphism, SNP) B reHe ILIB rs1143634 c nmomo-
b0 perpeccun mo Kokcy 6blia BbISIBJIEHA Ha BbI-

6opke u3 222 nmanyueHToB (AH — 77, KoHTposib — 145)
accoluuanys c oBbILIeHNEM PUCKa acenTUYecKoil He-
CTaOMIBHOCTY: TOMO3UTOTHI TT IO 3TOMY MOIMMOP-
dbusmy umenu 6oyee BBICOKMII PUCK MO CPaBHEHMIO
¢ romosurotamu aukoro tuma CC (HR 3,704 (1,274-
10,753), p = 0,016) u rereposuroramu CT (HR 4,587
(1,675-12,500), p = 0,003) [13]. [Ipu cpaBHEHUM PUC-
KoB AH y Hocureneir amteneir C u T o6HapyRuIach
TeHAaeHUUS ILIB rs1143634 ¢ pUCKOM acenTu4ecKoi
HeCTabWIbHOCTHU, HE NOCTUTIIMM YPOBHSI 3HAUMMOC-
™ (p = 0,06). OgHaKO B APYyTUX UCCIEAOBAHUSIX HE
YAAJIOCh HaliTH B3auMOCBsI3u ILIB rs1143634 c III1I0
mmn AH [14, 15]. Biustuust gpyrmux moamMopdusmoB
ILIB (rs1143627, rs16944, rs4848306) na pucka AH He
6610 BBISIBIIEHO [14, 15]. [Tonmumopduamsl reHa IL1A
rs17561 v rs1800587 TaxKke He BIMSUIM Ha PUCK U TS-
skecTh octeosnnsa uau AH [13, 14, 15].

IL-2

WnurepneiikuH-2 (IL-2) B OCHOBHOM INPOAYLUPYETCS
CD4+ T-xenmepamu, npu 3TOM pellenTopsl IL-2 Ha-
XOIATCSI Ha MOBEPXHOCTU IIMPOKOTO CIEKTpa Kie-
TOK [23]. TamMma-uenu peuenropa IL-2R saBmistorcs
O6IMUMYM KaK MUHMMYM [IJISI MOJIEKY/I MHTepIeiKu-
HOB IL-2R, IL-4R, IL-7R, IL-9R, IL-15R, IL-21R [24].
Penenitoppl, ucnons3yromye [L-2Ry, akTMBUpPYIOT
curHanbHble TyTU JAK-STAT, ERK m PI3K, koTopsbie
MHIYIMPYIOT BOCMIATUTENbHbIE MTPOLecchl [25].

MyTanuu B reHax, kogupytomux IL-2 niu ero pe-
I[ETITOP, IPUBOIST K HApyUIeHNI0 QYHKIUIT 3TUX 6e-
KOB U BBI3BIBAIOT MMMYHHbIE TMaTOMOTMM. MyTauumn
uHTepinelikuHa IL-2Ra mpuBoggaT K pa3BUTUIO ayTO-
MMMYHHBIX 3a60meBanuii, mytaruu IL-2Rb — K cHu-
SKEHMI0 UMCJIEHHOCTY HaTypalbHbIX KuiepoB (NK),
a npu Hapymieuuu ¢yHkuuit IL-2Ry pa3BuBaeTcs Ts-
KeNbI/i KOMOVMHMPOBaHHBI UMMyHOLebUIUT [23].

J. Gallo ¢ coaBTOpamMm OIeHMBAIN CBSI3b MEXKIY
TSDKECTBI0 OCTeOoNNn3a M ONHOHYKIEOTUAHBIMY MOIN-
Mopdusmamy Ha BbIOOpKe 13 205 maIeHToB (JIerKuit
ocreonus3 (I-1I mo Saleh c coaBTopamu [26]) — 89, Tsike-
nbiii ocreonu3 (III-V mmo Saleh ¢ coaBTopamm) — 116),
MpOoIIefIIX TOTaJbHOE SHIAOIPOTE3VPOBAHME Ta30-
6empenHoro cycraBa. SNP rs2069762 B reHe IL2 BcTpe-
yajcs pexke (OR = 0,55; p = 0,043) B ciyyasix TSDKeIOTo
0CTeonn3a, OOHAKO PerpecCMOHHBIN aHaau3 He orpe-
JleIWI CTelleHb BAMSHUSI MOAMMOpdU3Ma Ha TSDKeCTb
ocreonusa [14].

IL-6

WuTepneiikun-6 cxoneH ¢ IL-2 mo cBouM QyHKIUIM
B MHOYKLMM BOCIAJIeHUs U Tlepefayve CUrHala yepes3
kackagbl JAK-STAT, ERK u PI3K. B onHoM cemerlicTBe
¢ IL-6 HaxopsTcsa Ttakke IL-11 u psig npyrux daxro-
poB [27]. PeuenTop IL-6 (IL-6R) npencraBieH Ha Kie-
TOUHbIX MeMOpaHax (mIL-6R) u pacTBOpUMOM BuUIE
(sIL-6R). B 3aBuCHMMOCTHM OT JIOK/IM3aLIUU PELIENITOPHI

* 3mech 1 Jjanee B CKOOKaX yKasaH 95% moBepUTENbHbIA MHTEPBAJ.
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BBITIOJTHSIIOT Pa3IMYHYIO POJIb: MEMOpaHHbBIN perien-
TOD BBITIOITHSIET TPOTUBOBOCTIATIUTENBHYIO QYHKIINIO,
B TO BpeMsl KaK pacTBOPUMBIi — MPOBOCHAIUTENb-
HYIO [28].

AxTMBaIuMsg curHajabHoro nyti IL-6 B ¢usuo-
JIOTUYECKUX YCIOBUSX TMPUBOAUT K YBEIUUYEHUIO
MPOAYyKIMM GeJIKOB OCTpoii (ashl, CO3PEBAHMIO
B-nmumdonuros, nponmudepanym T-KIETOK, CEKpeLun
uMMyHOTT06ymHOB [29]. 11-6 urpaer marosnoruuec-
KYI0 pPOjib B MMKPOOKDY>KeHUM OITyXOJieil, a Takxke
IIpY PaccessHHOM CKJiepo3e, 6one3Hu AjblireitMepa,
peBMaTOMIHOM apTpuUTe U APYIUMX COCTOSTHUSX [28].
B KynbType MBIIIMHBIX OCTEOO7IACTOB MTPOAYKIINIO
IL-6 cTUMyaupoOBaau BO3OENACTBMEM Ha KJIETKU
IL-1o, TNF-a v munononucaxapuna (LPS), a mobasie-
Hue [L-6 K Ky/IbType BbI3bIBAJIO OcTeonns [30].

R. Kolundzic ¢ coaBTOpamu B CBOEM MCC/IEIOBA-
HUM Ha MaJioii BbIOOpKe (41 mauueHT, 45 3HIOIpo-
Te30B THC) mokasanu, 4TO B perpecCMOHHON Mone-
JIU TIPOTIOPIIMOHATBHBIX PUCKOB KOMOWHMPOBAHHBIN
re”HoTut IL6 rs1800797 G/A w rs1800796 C/C yBenu-
YMBAJI PUCK PA3BUTUS ACENITUUYECKON HECTabMIbHO-
ctu (HR 5,43 (1,73-17,0), p = 0,004) 110 cpaBHEHUIO
CO BCEMM ApYyrMMM codyeTaHUssMu. OfHAKO MMPU aHa-
JIM3e MUHOPHBIX ajiesieil 1Mo OTAEeNbHOCTU BIUSHUE
He ObUIO CTATUCTUUYECKM 3HAUMMBIM [16]. OTMeTuM,
YTO MPUYMHON MEPBUYHOTO 3SHAOMPOTE3UPOBAHUS
y GOJIBIIMHCTBA YYACTHUKOB UCCIETOBAaHMST ObUT IVC-
IJIACTUYECKUII OCTE0apTPUT Ta300eApeHHOro CyCTa-
Ba, a4 He MOMOIATUYECKUIT TTPOLiecc, Kak B OOJIbIINH-
CTBe MCCIeOOBaHUI MO TeMme. B yIIOMSIHYTOM BbIIIE
uccnemoBauuu J. Gallo ¢ coaBTopamu Ha BbIOOpKe U3
205 IMalnMeHTOB YCTAHOBWUJIM, UTO CPEOV MallIEHTOB
C TSDKeJIBIM OCTEOM30M JOCTOBEPHO yallle BCTpeda-
ymuch Hocutenu IL6 rs1800795 (OR = 2,51; p = 0,007)
[14].Kpome Toro, 110 pe3yabTaTam MyJIbTMBapUaHTHON
perpeccuym 3TOT MOAMMOPGU3M ObLT CTATUCTUUECKU
3HAYMMBbIM MTPEOUKTOPOM O0JIee TSIKeI0T0 OCTeonn3a
(p = 0,049). IIpu stom A. Gordon ¢ coaBTOpamMm He
CMOTI/IM OOHAPYKUTh CTATUCTUYECKM 3HAUMMYIO B3a-
MUMOCBSI3b JI060ro u3 Tpex (rs1800795, rs1800796,
rs1800797) nonumMopdm3MOB C ITepUITPOTE3HBIM OCTe-
ONM30M MO OTHEIbHOCTU, HO peakuit (2,4% B rpymnrie
octreonusa; 0,8% B rpymniie KOHTposst) rannoTut G/G/A
uMeNn Takyio cBsa3b (p = 0,02) [15]. AHamOrMYHBIN
pesyabTaT OTHOCUTEIbHO rs1800795 umen Mecto u
B Apyrux paborax [17].

Perynaropsl guddepeHIMpoBKM CTBOIOBBIX
KJIETOK ¥ KOCTHOTO MeTatoam3ma

3HaAuUUTE/IbHYI0 PO/Ib B IEPUIIPOTE3HOM OCTeo/INn3e
uUrpaeT HapylleHMe OanaHca MeXIy obpa3oBaHMEM
OCTeOK/IacTOB U ocTeobnacToB. IIpoliecchl KiIeTou-
HoOIt nuddepeHMPOBKY, JeKallle B OCHOBE TaKOro
6aymaHca, KOHTPOIMPYIOTCS DPasIMYHBIMU CUTHAJIb-
HbeIMM nyTsaMmu, Hanpumep RANK u Wnt, a Takke 3a-
BUCAT OT OCOOGEHHOCTe} peryisuuy mertabonnsma

B KOCTHOJ TKaHU, OTIOCPEeA0BAaHHO KaAbLIMTOHMHOM.
VccnegoBaHbl MONMMMOPGU3MBI LEIOT0 PSga TeHOB,
KOOUPYIOIINX OEJIKM, BOBJIEYEHHBIE B 3TU ITPOIECCHI,
Bkimouast RANK, OPG, FRZB, KREMEN2, SFRP1, TGFB,
CALCA, VDR [14, 17, 31, 32, 33, 34, 35].

CuzHanwHbili nyms RANKL-RANK-OPG

Curnanpubelii yTb RANKL-RANK-OPG — opuH u3
OCHOBHBIX CUTHAQJbHBIX MYTel, OTBETCTBEHHBIX 3a
KOCTHBINI MeTabomusm. RANKL mpemcrasisieT co-
00J1 pacTBOPMMBIT JauraHA mjs pererntopa RANK,
KOTOPBII aKTMBHO BBIAENSIETCSI B 30HE BOCIAJIeHUS.
XpoHnUeckoe BOCIIaJeHMe, BbI3bIBAlOIIEe MepUIpo-
Te3HbIl OCTe0IN3, He sIBJseTcs uckiaoueHreM. RANKL
B3aumogeiictByer ¢ RANK, BbI3bIBasi CUTHaJIbHBIN
Kackajl, akKTUBUPYIOIIMI TPaHCKPUMIMOHHBIN ¢ak-
Top NF-kB [36]. TpaHCKpUIILIMOHHbIE M3MeHEHNs,
BbI3biBaeMble NF-kB, mpuBoasit K B3pOCIEHUIO
u nuddepeHIIMPOBKe Mpe/illieCTBEHHMKOB OCTeOK/Iac-
TOB. B3pociible OCTEOKIACTBI U CAaMU 3KCIIPECCUPYIOT
RANK n RANKL, 4TO cTMMyAMpyeT UMX BbDKMBaHME
" Pe30pOLNIO KOCTHOM TKaHM!.

besnok ocreonporerepuH (osteoprotegerin — OPG)
BBICTYIIA€T B POJIM PACTBOPUMOTO pelenTopa-mpu-
maHkU (decoy receptor) gyisi RANKL [6]. Bénbiryio yacTb
OPG B KOCTHOM MO3Te CMHTe3UPYIOT B-1uMboInThi,
YTO yKa3bIBaeT Ha yUyacTHe UMMYHHOI CUCTEMBI B Me-
XaHM3MaxX OallaHCUPOBKM OCTEOTeHe3a M OCTeon3a
[37]. CesisbiBasi RANKL, ocTeompoTerepuH IpensT-
CTBYeT aKTUBalUU CUTHAIbHOTO yTu RANK.

M.H. Malik ¢ coaBTOpaMu IpUBJIEKIN K UCCAEIO-
BaHmio 91 nmaumenTta ¢ AH u 150 maumeHTOB CO CTa-
OomnbHBIMY 3HIOMpoTe3amu TBC. Aytens T monumop-
dusma RANK rs1805034 vamie (OR 1,77 (1,20-2,59),
p = 0,004) Bctpevancs B ciydyasx AH, Takke kak u
reHotun T/T mo aromy nonmmopdusmy (p = 0,008).
Amnens A monmumopdusma OPG rs3102725 Ttaxke
ObLT CTATUCTUUECKM 3HauMMo cBsizad ¢ AH (OR 3,76
(2,31-6,11), p = 0,001), kak u renotumn A/A (p = 0,001).
UccnemoBatensim He ynajoCh HAWTHU TOATBEPXKIeE-
Huit cBsa3u mexxny AH u monumopdusmamu rena OPG
rs2073617,rs2073618 [35].

S.J. Maclnnes ¢ coaBTOpamMu TpOBeIM 3HAUU-
MoOe W}CcleloBaHMe, HampaBjJeHHOe Ha MOUCK Ba-
puanuii reHoMa, CBSI3aHHBIX C PUCKOM OCTEOIM3a U
BpeMeHeM pasBUTUSI acelTUUYeCKOi HecTabuIbHOC-
™ [32]. Bbuin copmupoBaHbl MCCIeIOBATENbCKAS
(n =631, U3 KOTOPBIX OCTeoNU3 — 275) U perviMKaIu-
oHHag (n = 127, u3 koTopsix octeonus — 40) KOTOPTHI
nmanyeHToB. [IpOBOAMIOCH TEHOTUIIMPOBaHME 10 60-
snee yvem 300 monmumopdusmam. B mcciaemoBaTenbc-
KOJ KOropTe ObIIO OOHApyKeHO BAMSHME Ha PUCK
ocTeosnM3a psijia moMMop(dr3MoB, He Bce U3 KOTOPBIX
Mpy pervinKaluy UMeau COHAIlpaB/ieHHbI 3(PdeKT.
[To pesynbTaTamM CTaTUCTUUECKOTO aHAIM3a ABYX BbI-
IIEOTNMCAHHBIX KOTOPT MAIlMeHTOB, ObLIO BBISIBJIEHO
TMSITh KIAMHUYECKM 3HAUMMBbIX MOIMMOP(U3IMOB CUT-
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HanbHOTO IMyT RANKL-RANK-OPG: RANK rs4524033
(MmuHOpHLINM annenb A; OR 1,69 (1,24-2,30); p = 0,008),
rs9960450 (muHOpHbII ayutens C; OR 0,51 (0,28-0,93);
p = 0,029), rs7226991 (muHOpHBI auienb A; OR 0,73
(0,55-0,97); p = 0,029); rs4485469 (MMHOPHBII aJlJIeb
G, OR 0,77 (0,59-0,99); p = 0,046); OPG rs11573847
(muuHOpHBIN annens G; OR 1,67 (1,0-2,27); p = 0,046)
[32]. B paborax 6puTM MCC/IEAOBAHbI U APYTHeE TIOIU-
MOp®WU3MBI, CBSI3aHHbIE C CUTHATIBHBIMM MOJIEKYJIAMU
myTy Wnt, OHM pacCMOTPEHBI HIIKE.

CuzHanwHblli nymos Wnt

Wnt — oguH U3 Ba)KHEMIIMX CUTHAJIbHBIX MyTel
Mmopdorenesa. lVmeloTcs Tpu cleHapusl Iiepema-
YM CUTHaJIAa 0 3TOMY ITyTU: OeTa-KaTeHWHOBBIN
(Taxke M3BECTHBIMI KaK KaHOHMYeCKui); Wnt-
nonsipHbIit (planar cell polarity, PCP); Wnt-Ca?* [38].
KaHoHMYeCcKnii CUTHAJIbHBIV TyTh HAUMHAETCS C IIPU-
coenyHeHUs Wnt K penienitopy — 6enky Fzd (frizzled)
u Ko-perentopy LPR5 wmim LRP6. HeraTuBHBIMMU
peryaaTopamu Iyt Wnt BBICTYIAIOT, Cpeau Mpo-
uynx, 6enku ckiaepoctuH (SOST), Dickkopf (DKK),
Wise (SOSTDC1), Krm (KREMEN) u cekpeTupyemblie
frizzled-accouumpoBaHublie 6enku (secreted frizzled-
related proteins, SFRP). AKTMBaALysS CUTHAJbHOIO
Kackama Wnt/B-kaTeHuMHa ITyTeM OJIOKMPOBAHMS
reHa SOST mpepoTBpalllaeT OCTEO0JIM3, BbI3BAHHBIN
yacTUIlAMU TUTaHA, MHTUOUPYS CO3peBaHME OCTEO-
K71acToB [39].

IMonumopdusmbl FRZB rs288326 v rs7775 6bun
MCCIemOBaHbl Ha BhIGOpKe 13 609 manyeHTOB ¢ SHO0-
npore3oM TBC [31]. FRZB rs288326 B wccinenoBaHUU
6bUT pa3IMUHbIM 06pa3om pacmpepeneH (p = 0,018)
MeXIy rpymmamMu: ajanenab T Ha 32% peske BCTpedasncs
y namueHToB ¢ octeonn3om (p = 0,041). [To pesynbra-
TaM JIOTUCTUYECKOii perpeccun, FRZB rs288326 6bu1
CBSI3aH CO CHMKeHMeM pucka ocrteonnsa (OR 0,62
(0,38-0,99), p = 0,049). Takke ramioTUIl MO MOJM-
mopdusmam FRZB rs288326 w rs7775 C/C (mukuii
THI) O6bLT CBSI3aH ¢ ocTeonnsom — (OR 1,5 (1,09-2,07),
p = 0,014)). B y>ke ynOMSIHYTOM BBIIIE UCCIEL0BaHUA
S.J. MacInnes 6GbUIO BBISBJIEHO BJIMSIHME ITOJIMMOP-
dusmoB KREMEN?2 rs4786361 ((OR 0,76 (0,58-0,98),
p = 0,035) u SFRPI1 rs921142 (OR 1,34 (1,05-1,71),
p = 0,017) Ha BepOSITHOCTh OCTEO/NM3a MO JAaHHBIM
CTaTUCTUYECKOTO aHalIu3a UCCaenoBaTelbCKOi U pe-
TUIMKALMOHHOM KOTOPT MauyueHToB. [Io maHHBIM pe-
IPECCMOHHOT0 aHa/IN3a aBTOPbI ONPeIeTnIn, YTO Psif,
OIMMOPGU3MOB BIIMST HA BPEMSI 1O pa3BUTHS acel-
TUYECKOi HecTabuJIbHOCTY. VI Bce-Taku IpU CTaTUC-
TUYECKOM aHajau3e ABYX KOTOPT KPUTUYECKUit ypo-
BeHb 3HAYMMOCTY AOCTUTHYT He ObLT [32].

CuzHanwHbili nyms TGF

[lepemaua curHama, oOIOCpeJOBaHHAs TpaHcdOp-
mupyomum (akropom pocra (transforming growth
factor — TGF), TecHo cBsI3aHa ¢ mytem Wnt. Bcero

B cemeiictBe TGF 6osee 30 reHOB, KOOUPYIOIIUX pas-
HOOOpa3Hble IIUTOKWMHBI, BKIIOYAs OEIOK KOCTHOTO
mopdoreHesa (bone morphogenic protein — BMP)
[40]. Benku cemeiictBa TGF menmoHupyoTCs BO BHe-
KJIETOYHOM MaTpHUKCe, CBSI3bIBAsICh C HUM IIPU TO-
MOILM CIIelalbHbIX TOMeHOB. BoicBoOOkmeHme TGF
MIPOUCXOAUT, B TOM UKCie, TIOA, AeiiCTBMeM TKaHeBbIX
MaTpUKCHBIX MeTasuionporeas. Ilepemava curHasia
pelenTopoB K SAAPY MPOUCXOIUT MPU TTOMOIIM 6en-
KoB cemeiictBa Smad. Kpome Toro, umeroTcst gpyrue
nytu nepepgaun curdHasa TGF, noMumMo KaHOHMYeEC-
Koro Smad-3aBucumoro, B Tom umcie ERK-MAPK,
TRAF-TAK, PI3K-mTOR-AKT, JAK-STAT. B pe3ynbra-
Te CTOb GOJIBIIOTO YMC/IA 33Ie/ICTBYEMbBIX MOJIEKYI,
MMeeTCs MHOTO TlepeceueHuii MeXXAy CUTHAJIbHbIMU
nytavMu TGF-b u Apyrux MOJIEKYJ, OTBETCTBEHHBIX
3a perymsuuio ocreoreHesa. CurHaibHbie Iyt Wnt
u TGF B3auMMHO YCUMIMBAIOT APYT Apyra, M oba 3TUX
CUTHAJIbHBIX ITyTU CHOCOOCTBYIOT nuddepeHIpoBKe
Y B3pOCJIEHNIO OCTEOIUTOB.

TGF-b akTMBHO cuHTe3upyeTcss B Makpodarax,
dbubpobmacTax M SHAOTENMATbHBIX KIETKaX Iepu-
MMPOTEe3HbIX TKaHel, a Takke B SLIM y maimeHTOB ¢ AH
3HJIOMPOTE30B KOJEHHBIX CYyCTaBOB HE3aBUCUMO OT
Tuna Gurcanyu (lleMeHTHbIV/6eciieMeHTHBIN) [41].

IMonumopdusm TGFBI rs1800470 Ha MaJoil BbI-
6opke (n = 41) supmomnporesoB TEC 6b11 accormUmpo-
BaH ¢ puckom AH [16]. [Ipu cpaBHeHnu 89 nanueHTOB
C JIETK/M OCTeOn30M U 116 — C TSDKeNbIM B MCCIe-
moBauuu J. Gallo ¢ coaBTOpamy He OBIIO BBISBIIE-
HO BJIMSIHUS 3TOro nomumopdusma, a Takke TGFBI
rs1800471 Ha TSDKECTb IMEPUIIPOTE3HOIO OCTEOIM3a,
OJIHAKO B MCCIed0BaHMM He MTPOBEPSIIIOCh BAMUSHNE Ha
PUCK acemnTUUeCKoi HeCcTabuIbHOCTY [14].

MOJIEKYJI])I, CBsi3aHHBbIE C BOCIIAJIEHMEM

Tak Kak LeHTpaJibHbIM MexaHusmom IIIIO sBnser-
Cs MeIJIEHHO MpOTeKamwllee BOCIIaJeHue, JOTUYHO
MPEeAONOXKNUTh, YTO W3MEHUMBOCTb YYaCTBYIOIIUX
B 3TOM IIpOILleCCe MOJIEKY/J UrpaeT 3HAUYUTEIbHYIO
ponb B III10. Cpeay reHOB, KOOUPYIOIIUX TaKue MO-
JIEKYJIbl, UCciiefoBaHbl Ha CBs3b ¢ [1T10 MMPI1, TIMPI,
TNFA, IFNG, NOS2 v npyrue [13, 16, 17, 33, 42, 43, 44,
45, 46,47, 48].

MampukcHosle memanionpomeuHasol

MaTpuKCcHbIe MEeTA/IONPOoTeMHasbl (matrix metallo-
proteinases — MMP) — rpymnna IMHKCOAepsKalux
(epMeHTOB, UTpAKOUIMX CaMble PA3IUYHbIE PO
B BOCITQJIEHUU, AHTMOTeHe3e, 3aKUBJIEHUM PaH, PeMO-
IenupoBaHuM TKaHeit [49]. YV denoBeka o6Hapy>KeHO
6onee 20 reHoB MeTtayuionpoTenHas [50]. M3BecTHO,
yTo OEnKM STOV TPYIIbl, a TaKKe CBSI3aHHbIE
C HMMM TKaHeBble MHTMOUTOPHI MATPUKCHBIX IPO-
Teas (tissue inhibitors of matrix proteases — TIMP)
u 6enkyu RECK yuacTByioT B guddepeHINpPOBKe Me-
3€HXMMAJIbHbIX CTBOJIOBBIX KJIE€TOK B OCTE00JACThI.
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[Iporeonutuueckass akTuBHOCTb MMP B OCHOBHOM
perynupyeTrcss 3a CueT BHEKJIeTOYHOl aKTuBaluM,
a Taxke TIMP. B rpyrmy nocjiegHux BXOOST YEThIpe
6enka, MHrMOUpyomux MMP 3a cuetT obpa3oBaHMs
KOMIUIEKCOB C BBICOKO# addbuHHOCTBIO [51].

Herpagaius BHEKJIETOYHOTO MaTpuKca — OAUH
n3 KOMIIOHeHTOB III1O. B 4MCI0 y4aCTHMKOB 3TOTrO
nporuecca Bxogsit MMP. In vitro 6pU10 0OHAPYKEHO,
4Tto cuHTe3 MMP-2, MMP-3, MMP-9, MMP-13 unay-
LMpYeTCsl B ouare ocreonmusa Imnog pevicteuem IL-103
[20]. IIpu ouenke 3kcnpeccuu MPHK B nepumnpores-
HOJVi KOCTHOJ TKaHM OBbLIO BBISIBJIEHO 3HAUMMOE I10-
BoiieHue yposHsas mPHK MMP-1, MMP-9, MMP-10,
MMP-12 1 MMP-13 [52]. YpoBeHb 3KCIIpeccum psiga
apyrux MMP Takxke IMOBBIIIAJICSI, HO MeHee 3Haul-
TeJIbHO. B Apyroi pabore 6bUI0 OTMEYEHO ITOBBIIIIE-
Hue ypoBHs 3kcrpeccun MPHK TIMP1-3 Ha done
cakenust TIMP-4 [53].

M.H. Malik ¢ coaBTopamyu Ha BbIGOpKe 13 91 ma-
umenta ¢ AH u 150 maumeHTOB CO CTaOMIBbHBIMMU
SHIOMIPOTe3aMM Ta300epeHHOr0 CyCcTaBa IIpoje-
MOHCTpUpOBaM cBsI3b amnens C moaumopdusma
MMP]1 rs5854 c acenTuuYecKoii HeCTaOMIbHOCTHIO
(OR 3,27 (2,21-4,83), p = 0,001), a Takke accoiua-
o ¢ AH renoruna C/C [17]. AHanmormyHo acconma-
uus (OR 2,72 (2,06-3,48), p = 0,0001) amnenst T no-
mumopdusma MMPI rs5854 ¢ AH 6buta BeIsiB/IeHaA Y.
Yan ¢ coaBTOpaMu MOpy CpaBHEHMM 63 MalMEHTOB
C acenTuyeckoil HecTabwIbHOCTBbIO c¢ 81 maimeH-
TOM CO CTabWJIbHBIM TOTQJIBHBIM JHAOMPOTE30M
TBC [46]. B ToM ke mccieqoBaHuy GbIIO BBICUMTAHO
BnausiHMe aiens T Ha puck AH nipy fOMMHAHTHOCTU
(CT + TT mporus CC; OR 2,67 (1,25-5,76); p = 0,0028)
n peueccuBHoctu (TT mporuB CT + CC; OR 4,17
(1,22-17,2); p = 0,0186) annens.

F. Pan ¢ coaBTopamm m3ydanau CBSI3U ITOJUMODP-
¢usmoB rena TIMPI1 c acenTUYeCKOi HECTAOMIIbHOC-
ThIO, BK/IIOUMB B MccIemoBaHue 59 maiueHToB ¢ AH
u 100 mauyeHTOB €O CTAGUIbHBIMU SHIOIIPOTE3AMU
TBC. bpUIO YCTaHOBJIEHO, YTO MMEETCS acCoLMalus
acentuyeckoii HectabunbHOCTU ¢ ayutenem T TIMPI
rs4898 (OR 1,32 (1,16-1,58), p = 0,0013), annenem
Grs6609533 (OR 1,78, (1,52-2,17), p<0,0001). BbL71 BbI-
SIBJIEH CTaTUCTUUYECKM He3HAUMMBbIi TPeHH, K IOBbI-
menuio pucka AH niis Hocureneit annenst A rs2070584
(OR 1,14 (0,97-1,40), p = 0,2028) [47].

TNF-a

TNF-a, kak 1 RANKL, oTHOCMTCS K GOJIBIIOMY Ce-
MeJicTBY (haKTOPOB HEKpO3a OITyXOJMM U AEeNCTBYET
CMHEPIMYHO ¢ curHaabHOM ocbio RANK-RANKL [54].
B nmepumnpoTesHbIX TKaHSIX MIPU aCeNTUUYECKON HeCTa-
O6WIBHOCTM ObLJIa BBISIBJIEHA BBICOKAS KOHIIEHTPAIIMS
TNF-a [55]. B akcriepuMeHTax in vivo IToKa3aHa 0CTeo-
Jutudeckas akTMBHOCTb TNF-o Kak 3a cyeT ycuneHust
nponykuuu IL-6 u ipocrarnanauHa E2, Tak 1 He3aBU-
CMMO OT MoIeqHMX [56, 57]. UHrMbupoBaHe MpomyK-

uyy TNF-o npuBOAMIO K MeHbIIE BbIPa)KeHHOCTU
VHAYUMPOBAHHOTO JUIOMNOAMUCAXapUIOM OCTeonn3a
in vivo [58]. C TOMOIIbIO MPOTEOMHOI'0 aHaIM3a OblIa
BbIsiBJIeHa gucperyasauys ypoBHS TNF-o y manyeHTOB
C CUCTEMHBIMU OCTEOTIEHMEN U OCTeOIIopo3oM [59].

Baime ynomuHanocs ucciaenoBanue J. Gallo ¢ co-
aBTopaMy Ha BbIGOpKe M3 205 maumeHtoB c IO
aleTabylIsIpHOrO KOMIIOHEHTa 3SHpomporesa TBC
(merkuit ocreonus — 89, TsoKenbii ocTeonus — 116).
B wuccnemoBanuu amnens A monmumopdusma TNFA
rs361525 BcTpevasics valle y MalyeHToB ¢ 6oee Ts-
skestbIM octeonmszom (OR 6,59 (1,47-29,64), p = 0,005).
BbLI0 TOKa3aHO BAMSHME ayuiens A moaumopdusma
Ha TSDKeCTb OCTeoJM3a MPU MOMOILM pPerpecCMOHHO-
ro anamu3sa (p = 0,045) [14]. OTHOCUTENHHO KPYITHOE
ucatemoBanue nposenu .M. Wilkinson ¢ coaBTopamu
¢ TnpuBieueHueM 481 mainueHTa C 3HAOINPOTE3aAMU
TBC (acernTuyeckasi HecTabWJIbHOCTh — 214, KOH-
Tposb — 267). HocutenbcTBo atenst A monumopdus-
ma TNFA rs361525 6b110 CBSI3aHO C HECTAOMIIBHOCTBIO
supomporesoB (OR 1,7 (1,0-2,9), p = 0,05), mo gaH-
HBIM perpecCMOHHOI0 aHa/i13a C yYeTOM Pa3JINM4HbIX
KoBapuat [44]. B ucciegoBanuu E. Lépez-Anglada
s nonumopdusma TNFA rs1800629 He ymanoch Bbl-
SIBUTh aCCOLMALMM C aCeNTUYeCcKOi HeCcTabuIbHOC-
TbIO TIPU CpaBHeHUM 77 mauyueHToB ¢ AH KomeHHbIX
WM Ta300eIpeHHbIX CYCTAaBOB M 145 mauyeHTOB CO
CTabMIbHBIMM HAOMpOTe3aMM [13]. AHAJIOTUMYHBIM
00pa3oM monmuMopGU3M He BIMSIT Ha TSKECTb OCTE0-
JIM3a WIN pa3BUTHE acelITUYeCKOi HeCcTabMIbHOCTU
B IpYTMX UCCIefoBaHMIX [14, 16, 44].

NOS

Oxcup a3oTa CUHTE3UPYETCS B KOCTM PasMUHbI-
MM KJIeTKaMu, B TOM uucie octreodmactamu [60].
V3BecTHO, UTO SHAOTenManbHas u3odopma CHUHTA-
3bI oKcupa asota (endothelial nitric oxide synthase,
eNOS) BaskHa IS aJleKBaTHOTO MeTabo1M3Ma 0CTeo-
6macToB 1 octeoreHesa [61]. [TokazaHo, yTo Makpoda-
ru B SLIM Ha rpaHuile Mekay KOCTbIO M MMIIAHTaTOM
SKCHPECCUPYIOT MHAYUMOENbHYI0 u3odopmy dep-
meHTa (inducible NOS, iNOS), crioco6cTBYsI pe3op6-
uuu kocreit [62]. iINOS, TNF-a u IL-6 sBasitoTcs map-
KkepaMu M1 monsipusaiiuy Makpogaros, XapaKTepHO
IIJIST BOCTIAZIEHUSI WU OKUPeHUS [63].

s OLleHKM BO3MOXKHOM CBSI3M MEXAY paHHei
acerTUYecKoii HeCTaOMIbHOCTbIO HAOIPOTE30B U
noaumopdusmamu reHoB NOS2 u NOS3, komupyio-
MMM MHAYIMUOETbHYIO M SHAOTEeNUATbHYIO CUHTA-
3bI OKCUJIA a30Ta COOTBETCTBEHHO, E. LOpez-Anglada
Cc coaBTOpaMu obcremoBaiu 339 KOJEHHBIX U
Ta3006eApeHHBIX IHIOMPOTE30B. BbIJIO BHISIBJIEHO IT0-
BoeilieHMe pucka AH: mis reHotumna AA nporuB GG
cunbHee (HR 3,509 (1,266-9,709), p = 0,016), uem niist
reHoruna AA mpotus GA (HR 2,639 (1,072-6,494),
p = 0,035) momumopdusma NOS2 exon 22 (ClinVar
2604681) [13].
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Benku ungnammacom

WudbnammacoMbl — TpyIina 6eTKOBbIX KOMILIEKCOB,
YYacCTBYIOIIMX B OIpefe/eHUM MaTOTeHOB U peak-
UMy Ha HuX. MHGIaMMacoMbl comepskaT CeHCOpPHbIe
6esIkyM, KOTOpble PearupyloT Ha KOHKPETHbIe CTUMY-
abl [64]. NLRP3 sBisieTcsl OZHUM U3 TaKUX OEIKOB.
ChopmupoBaHHble Ha €ro OCHOBe MH@IaMMaco-
Mbl PearupyloT B TOM UYMCIe Ha MUKDPOCKOIMYEecKue
yactuibl, AT®, noHodopsbl Kamusi [65]. ARTUBALIMS
NLRP3-undnramMmacoM NPUBOOUT K IpeBpallleHUIo
npo-IL-1B, npo-IL-18 B akTMBHBIE (GOPMBI ITUX MOJIe-
Ky [64, 66]. BocbMoii usieH ceMelicTBa peKpyTUPYIO-
HIMX Kacrasy JoMeHOoB (caspase recruitment domain
family member 8, CARDS8) Takske SIB/isIeTCSI OMHUM U3
KJII0YeBbIX 6enkoB mHbmammacom [67]. COopka Ha
ocHoBe 6enkoB NLRP3 1 CARD8 mHdmammacom BbI-
3pIBaeT MOSIBJAEHNE B MEXKKIETOYHOM IMPOCTPAHCTBE
aCCOLMMPOBAHHBIX C IMOBPEXIEHMEM MOJIEKYISIPHBIX
nmattepHoB (damage-associated molecular patterns,
DAMP), koTopble YyCMIMBAIOT BocHajeHue [68].
P2RX7 — reH, KOOGUPYIOLIMI ONHOMMEHHbIN ITypUHEp-
rMUYeCKUil BHYTPUKIIETOUHBIN penentop P2X7, pac-
no3Hatouuit AT® [69]. OH crocobeH aKTMBUPOBATD
mnHdammacomMublit 6eok NLRP3, a Takke He3aBu-
CUMBIM OT IOC/IegHero 06pa3om MOBBIIIATh YPOBEHD
IL-1B.

IIpoBens reHoTuNMpoBaHue 87 NalMEHTOB C SHI0-
nporesamu TBC (AH — 36, xoHTpoib — 51),
B. Mavcic ¢ coaBTOopamm IOKasaau, YTO coyeTa-
HMe <«OUKOro» Tuma 1o mnonumopdmsmam NLRP3
1s35829419 nu CARDS rs2043211 (C/C u A/A cooTBeT-
CTBEHHO) Y OJHOrO MalMeHTa BCTpevyaeTcs B TpyIIIe
KOHTpOJIS yallle, UeM B rpyIine ocreonnsa (49% mnpo-
1B 28%, p = 0,05). [Tpy mOMOIIM JTOTUCTUYECKOI pe-
rpeccuy IMOKa3aHO, UTO HOCUTENM Takoro reHOTUIIa
umenu Menbmit puck AH (OR 0,33; p = 0,02) [45].
B npyrom uccienoBanum ¢ yuactuem 205 mameHTOB
¢ IIITO B o6mactu TotanbHOro sHAOMNpoTe3a TEC mo-
numopdusmbl P2RX7 rs1653624 v rs28360457 vimenu
TPeH/ K accoumaluu ¢ 60sblieit TSHKeCThIO TTePUIIpo-
TEe3HOTO OCTeO/IM3a, OGHAKO 3TOT TPeHH ObUT CTaTu-
CTUYECKU He3HauuM [43].

ManHo030-c8s3b18arowjuti 6en0K

MaHHO030-CBSI3bIBAOILIMI JIEKTUH, TaKXke U3BECT-
HBI/l KaK MaHHAH-CBS3bIBAKOIINIA IEKTUH (mannose/
mannan-binding lectin, MBL) — 6etok ocTpoii ¢a3ssl,
3aJleJiCTBYIOIIMI aHTUTENO-He3aBUCKMBIN ITyTh aK-
TUBAUUM CUCTeMbl KoMIuiemeHTa [70]. OH mpepn-
CTaBasieT Co0OW TreTepOoONUTOMEpHBII KOMILIEKC,
B [IEPBYI0 OYepenb CBSI3bIBAIOIINIA YITIEBOAbI MUKPO-
OpPraHM3MOB M Tepefarlinii CUrHala 3a CcyeT acco-
LMMPOBAHHBIX MOJIEKYJI CEpMHOBOJ MPOTEeasbl, acco-
LMMPOBAHHOM C MaHHO30-CBSI3bIBAIOIIVM JIEKTMHOM
(mannan-binding lectin serine protease, MASP).
VCTaHOBIEHO, UTO, TIOMUMO OGaKTepuaJbHBIX YIJe-
BOIOB, MBL MOXeT CBSI3bIBaTh ¥ BHYTPEeHHME aHTU-

reHsl opranmusma [71]. Takum ob6pasom, MBL moskeT
y4acTBOBaThb B IIpoliecce acenTUyecKoro BocIaaeHus
3a CUeT pacro3HaBaHMs KIETOK B IPOLiecce aromnTo3a
M CHOCOOCTBOBaHMS AajbHeieMy Mx (aroumrosy.
Invitro, in vivo 1 Ha MI0agX IToKa3aHa cBs13b MBL ¢ KocT-
HbIM 06MeHOM [72]. MBL MHIrM6MpoBai 0CTEOKIaCcTO-
reHes, cBsisaHHbIl ¢ geiictBueM RANKL u makpoda-
raJIbHBIM KOJIOHMECTUMYIUPYIOIUM (PaKTOPOM.

B uccnemoBaHuM, mpoBeJeHHOM C ydyacTuem 221
namyedTa ¢ sHgornporesamu TBC (KoHTpoap — 150,
AH — 71), ouieHmBanach cBsi3b ¢ AH ciiegyronmux monm-
mopdusmoB: MBL rs1800450, rs11003125, rs5030737,
rs7096206 [48]. luub amnens G monumopdusma MBL
rs 1800450 6b11 aCCOIMMUPOBAH C aCEIITUUYECKOI HecTa-
6mmpHOCTBIO (OR = 2,17 (1,18-3,98), p = 0,012), KaK
u renotutn G/G (p = 0,027).

Pe3ynbTaThl FeHOMHBIX ¥ 9K30MHBIX
UCCIea0BaHMI

S. Koks ¢ coaBTopaMu IMpoaHaAM3UPOBAIM JAHHBIE
423 nmanyeHToOB, KOTOPBIX pa3feananu Ha TPpU CPYIIIIbL:
1-51 — 6€3 CMMIITOMOB acelTUUeCcKoii HeCTabUIbHOCTU
KaK MMHUMYM OIOUH Tof (n = 156); 2-91 — nepBUYHOE
3HAOMpOTe3upoBaHue (n = 163); 3-1 — peBU3UOHHOE
SHIOIMPOTE3UPOBaHME TIOCAe aCeNTUYEecKOi HecTa-
6mtbHOCTU (n = 104). B mpoilecce aHanM3a JaHHbIE
TpynOIibl 3 CPaBHUBAINCH C OaHHbIMMU rpynnd 1 u 2.
ABTOpBI OOHapyxkwiu 52 monumopdusma co 3Ha-
yeHueM p<1x10-, omHaKO HU OOMH U3 HUX HE JOC-
TUT YPOBHSI T€HOMHO} 3HauMMocTu p<lx108 [73].
XapaKkTepHOJi /11 HIOTHOTeHOMHOTO aHa/IM3a acCoLy-
anuit mpo6iaemMoit IBsieTcs: 60JbIIOE YMCIO JIOKHO-
MOJIOKUTETbHBIX CUTHAJIOB, B 0COGEHHOCTHM CBSI3aH-
HOEe C peIKVMMMU TeHHbIMU BapuaHTaMu [74], ogHaKO
B paboTe He yKa3bIBAeTCsl HA MCKIIOUEHUE MUHOD-
HBIX ajienell U3 aHanm3a. He3HaumTeNnbHbIN [Jis
MOMOOHBIX MCC/IeAOBaHMIT pasMep BbIGOPKM MPUBEN
K TOMY, 4TO 3(pdexTbl He60MbIIOTO pa3mepa (TeHeTH-
yeckue 0C0OGeHHOCTH, He OYeHb CUJIbHO BJIUSIONINE
Ha BeposITHOCTb pa3Butus [1I10 u acenTmuueckoi He-
CTabUILHOCTY) HE MOTYT ObITh OIpeneseHbl. Takxke
He ObUIa BBITIOJHEHA CTpaTUGUKALMS IO TUITY UM-
MaHTaTta 1 Gukcauu, ypoBHIO Gu3uuecKoit akKTUB-
HOCTM WJIU IPYTMM KOBapuaTaM, ClIOCOGHBIM BJIVSITh
Ha PUCK aCENTUYECKOI HECTaOUIbHOCTM.

S.J. Maclnnes ¢ coaBTOpaMy BBITIOJIHMIIN 1BA IO~
HOT€HOMHBIX aHa/M3a acCoLMalmili Ha «<HOPBEKCKOM»
(n = 2624, 3 KOTOPBIX 779 NOABEPIINUCH PEBU3MOH-
HOMY BMeIIATelIbCTBY) U «OpuTaHCKOM» (n = 890, U3
KOTOPBIX 317 MMenyu peHTTeHOJ0TUYeCKMe TIPU3HAKU
OCTeOonM3a W/WIN MOABEPINICh PEBU3VMOHHOMY BMe-
IIaTeTbCTBY IO IOBO/Y OCTEO0/I13a) BBIGOpKAx. B «<HOP-
BEXXCKOJi» KOrOpTe KOHTPOJIbHbIE CJIy4yau IJisI CpaBHe-
HUS BBIOVPATUCH MHAVBUIYATbHO, M 06€CTIEUMBAIOCh
COBIIaJleHMe IO BO3pacCTy, MOMYy, TO4Y MHePBUYHOTO
BMeIATeNbCTBA, CIOCO0y duKcaluu, MaTepuanry
HarpykaeMmbIX ITOBEPXHOCTE€Il ¥ pasmepy TOJIOBKU
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SHOOIpoTe3a. B «O6puTAaHCKOV» KOrOpTe KpUTEpU-
SIMM  BKJIOUEHMS B KOHTPOJIBHYIO TPYIIIY ObUIN:
OTCYTCTBME CUMIITOMOB, CPOK He MeHee 7 JieT TO-
CJle TMEPBUYHOTO BMeIIATeNIbCTBA, OTCYTCTBUE MPU-
3HAKOB OCTeoM3a II0 JAHHBIM peHTTeHorpaduu.
B mccnepoBaHmMy 6bIIM TTPEATIPUHSTHI MEPbI ST KOH-
TPOJISl KauecTBa JaHHbIX, BK/IIOYasl OIleHKYy paBHOBe-
cus Xapay — BaiitHO6epra 1 MCKITI0UeHY e MYUHOPHBIX aJl-
Jiesieli ¢ 4aCTOTOM BCTpeuaeMocTy MeHee 1%. OgHako,
HECMOTpsSI Ha OOHapyKeHMe psaa IMOIMMOp(U3MOB,
CBSI3aHHBIX C IMOBBIIIEHMEM DPUCKA OCTeoaMn3a U pe-
BU3MOHHOTO BMeENIaTeIbCTBA CO 3HAaUeHueM p<1x107,
HM OOMH U3 HAMAEHHBIX TOIMMOPGU3MOB He TOCTUT
YPOBHS T€HOMHOJ 3HAUMMOCTU Aaxke M0 pe3yJibTaTaM
CTaTUCTUYECKOTO aHamm3a [75].

[IpumeuaTenbHO uccaemoBanue A. Bruggeman
C coaBTOpaMM, NPOBeIeHHOe Ha BbIGOpKe mu3 1130
6m3HenoB [76]. B ucciemoBaHMe BKIIOUYAIMCH Ta-
LIMEeHTHI TI0C/Ie SHAONPOTEe3UPOBAHNST KOJIEHHBIX U
Ta300epEHHBIX CYCTaBOB, IIPOBOOWMJICS CXOOHBIN
¢ paboroii S.]. MacInnes ¢ coaBTOpaMy KOHTPOJIb Ka-
yecTBa [75]. ABTOpaMm ObLIM OOHApY>KEHBI 9 OgHO-
HYKJIEOTUIHBIX IMOMMMOPGU3MOB, HOCTUTIIUX Te-
HOMHOTO YPOBHSI 3HAUMMOCTM, BAMSIBIIMX Ha PUCK
AH supomnporesoB. [Toaumopdusm rs77149046 pac-
rmosnoxkeH B rene ELAPOR2. dtot moauMopdusM 3Ha-
YMMO ITOBBIIIAJ PUCK aCENTUYUECKOI HeCTAOMIIBHOCTHU
(HR 5,40 (3,23-9,02), p = 1,32x1019). Emie yeTsIpe mo-
muMopdu3Ma pacIonokeHbl B reHe SLC6A6, CBsI3aH-
HOM C TPaHCIIOPTOM TaypyuHa U OeTa-aJlaHuHa, U BIU-
SITM Ha pUCK MeHee 3HaumMMo: HR 1151 Hux BapeupoBai
or 3,35 mo 3,43. lllectoit monmumopdusm, rs7853989
(HR 3,46 (2,33-5,13), p = 6,91x10°'%), pacrnonosxkeH
B 00JIaCTM KOOMPOBAaHMUSI CHUCTEMbI KPOBEHOCHBIX

JOIIOTHUTEJ/IbHASI THO®OPMALIMISA

3aseneHHslii 6K1a0 agmMopos

Kamernckuti A.Jl. — KOHLEIIIINS U OU3aiiH MCCaeq0BaHMs,
HamnMcaHMe TeKCTa PYyKOTUCH.

JoHbkuHa A.M. — KOHLeMNIUs uccieqoBanmsi, cbop u 06-
paboTka JaHHbBIX, HAMMCAHME TEeKCTa PYKOIMCH.

Iapaxun F0.B. — musaitH uccieqoBaHus, c6op U 06-
paboTka JaHHBIX, HAMMCAaHME U PeNAKTUPOBAHME TEeKCTa
PYKOIINCH.

Kosmyn O.I. — c60op u 06paboTKa JaHHbIX, HaMMCaHMe
U peIakTUPOBaHME TEKCTa PYKOIMCH.

IMapwuxos M.B. — Hay4YHOe PYKOBOJICTBO, HaIucaHue
U peIakTUPOBaHME TEKCTa PYKOIMMCH.

Bce aBTOpBI NMpounn U ogo6pmian GUHATBHYIO BEPCUIO
PYKOINCH CTaTh!. Bce aBTOPBI COTIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE acIeKThl paboThl, YTOObI 06ECIIeUnTh HajIe-
Kalee pacCMOTpPeHMeE U pellleHNe BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEXHOCTbIO JII06071
YyacTu paboThl.

Hcmoynuxk ¢uHancuposaHusi. ABTOpbI  3asIBJISIOT
06 OTCYTCTBUM BHelIHero GMHAHCUPOBAHMS MIPU MPOBe/Ie-
HUU UCCIIeIOBaHMSI.

rpynn ABO, u Hanmuume MMHOPHONM a/l/IesiM CBSI3AHO
¢ rpymroii Kposu B. Enie Tpu moaumopdusma yiexkann
B HEKOAMPYIOUIMX perMoHax reHoMa.

3AK/TIOYEHHE

leHeTnYeckme 0COGEHHOCTM TMALMEHTOB MOTYT OKa-
3pIBaTh 3HAUMMOE BJIMSIHME Ha pas3sBUTHUE TEPUIIPO-
TE3HOT'O OCTEON3a U aCeIITUYeCKOi HeCTaOMITbHOCTH.
[IpencraBieHHble B IUTEpPAType JaHHbIE O CBSI3U Te-
HETUKMU C ePUTIPOTE3HBIM OCTEO0IN30M U acenTuyec-
KOJ HEeCTaOWJIbHOCTBIO SIBJISTIOTCSI HEJOCTaTOYHBIMU U
MOPOJi MIPOTUBOPEUMBBIMMU, YTO HA JAHHBIA MOMEHT
He T03BOJIsIET YCTAHOBUTD AOCTOBEPHO TOUYHBII Tepe-
YeHb reHeTUYECKMX 0COOEHHOCTEN, BAUSIONMX Ha UC-
XOZbl 3HAOIPOTE3MPOBAHMS CYCTABOB.

Heobxomumo oTMeTuTh Ciiemyioniue (akThbl: pe-
3y/IbTAaThl UCC/IEAOBAHMIT HA pa3HbIX ITHUYECKUX TI0-
MYJSIUMSIX 3HAUMMO OTIMYAIOTCS], TOTyYeHHbIe TaHHbIe
psima paboT HepeaKO MPOTUBOPEYAT IPYT APYTY, B TO K
BpeMsl TeHOMHbIe MCC/IeJOBaHUSI BBISIBJSIOT COBEP-
IIIEHHO MHbIe reHeTuJeckye (GakToOpbl PUCKa, HESKeIn
MCCIeOBaHMs B OTHOIIEHUYM OTOOpPAHHBIX 3KCIepTa-
My reHOB. OCHOBHBIMM ITPOGIEMaMM SIBJISTIOTCST OTpa-
HUYEHHBIN pasMep U pa3HOPOIHOCTh BBIOOPKM, HEU3-
BECTHBII XapaKTep B3aMMOeiicTBUS (DaKTOPOB PIUCKa,
YTO MOXKET CHMKATb JOCTOBEPHOCTD Pe3y/IbTaTOB.

Bce 3TO cBUETENBCTBYET O CIOKHOCTY BBISIBJIEHUS
TOYHBIX TeHeTUUECKNUX (HaKTOPOB, CBSI3AHHBIX C acel-
THUUYECKOl HecTabmIbHOCThI0. Heobxommmbl ITaib-
Hejile ucciefoBaHusl OJsl OINpefeeHus] TOYHOTO
TepeyHsl BAMSIIOIIMX HAa Pa3BUTME NEPUIIPOTE3HOTO
OCTeoNM3a M acCenTUUYeCKOl HeCcTabWIbHOCTU TeHe-
TUYECKUX 0COOEHHOCTEN M IMTPOTHO3MPOBAHMS PUCKA
OCJIO>KHEHMI S3HAOMIPOTE3MPOBAHMUS.
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HEKPOJIOIM / OBITUARIES

KAPMLUOB BUKTOP UBAHOBUY
1936-2025

12 guBaps 2025 r. Ha 89-M romy >KM3HM IOCITe
MIPOMIOJIKUTENIbHOM 6O/Ie3HM CKOHYAJICS JOKTOpP Me-
IUIIMHCKUX Hayk Tmpodeccop Buktop VBaHoBUU
Kaprmos.

Buxrop VMBaHoBuu pomgwicst B 1936 T. B gepeBHe
MuxaitnoBka KomocoBckoro paitoHa OMcKoit 06/1aCcTu.
B 1955 I. OH OKOHYMJI CPEOHIOI0 IIKOY M TTOCTYIIMJI
yunThCst B OMCKUIi TOCYIapCTBEHHBIV MeOUITMHCKUI
mHCTUTYT M. M.U. KanuHuHa, KOTODPBII OKOHYMI
B 1961 r. Ilo pacrnpeneneHuio B TeueHMe TpeX JieT OH
pab6oran xupyprom B I. HoBast Jlagora JIeHMHTpafCcKoit
obmacty, 3aTeM ¢ 1964 mo 1967 r. — OpAMHATOPOM
XUPYPTUUECKOTO OTHeneHuss MypMaHCKoii 6acceifHo-
BO#1 60/bHUIIBIL, a ¢ 1967 1m0 1969 1. 3aBemoBaI TpaB-
MaTOJIOTMYECKUM OTaeeHeM bacceitHoBoOit 60bHM-
11l . MypmaHcKa.

B 1970 r. B.J. KapmniioB ObT 3a4KCIeH B KIVHU-
yeckylo opauHarypy JIHUUTO wum. P.P. Bpenena,
MOC/Ie OKOHYaHMSI KOTOPOIt 6bUT M36paH MO KOHKYP-
Cy Ha JO/DKHOCTh MJIAAIIEr0 HAayYHOTO COTPYAHMKA.
Bcs manpHeitmias mpodeccuoHaabHas MesiTelTbHOCTD
B.U. KapmioBa 6bi1a cBsi3aHa ¢ WHCTUTYTOM MM.
P.P. Bpenena. B 1978 r. Buktop VIBaHOBUY 3allIUTUII
KaHIMIOATCKYIO muccepranyio «OObeKTUBHbBIE METO-
bl KOHTPOJISI B TIpOLiecce jJeueHus mepesioMOB KOC-
Teli TOJIeHU TIpU BHEOUAaroBOM KOMIIPECCMOHHOM
OCTEOCUHTE3Ee».

BuxkTtop MiBaHOBWY 6bUT BHICOKOKBAIMMUITMPOBAH-
HBIM TPaBMAaTOJIO0TOM-OPTONEeN0M, BJIaieBIIMM METO-
JaMI OIepaTUBHOTO JIeueHUSI TTIOBpeXKIeHMiT U 3a60-
JIeBaHUI OTIOPHO-ABUTATENbHOTO annapaTa, akTUBHO
BeJl KOHCY/JIbTaTUBHBbIE TPUEMBbI MAlMEHTOB U y4a-
CTBOBAJI B OKa3aHUM METOANYECKOT MOMOIIM Bpauam
CTAIMOHapOB JIECHMHTPAACKOM 06/1aCTM U PasIUUHbIX
roponos Poccun.

B 1988 r. oH 6611 HA3HAYEH Ha JO/IKHOCTD 3aMeCTH -
TeJIsl IMPeKTopa o Hay4yHoi pabore. Biarogapst ero
aKTUBHOM OpPraHU3aTOPCKOV OesTeIbHOCTU B KOPOT-
Kye CPOKM ObLJIO TTOCTPOEHO M BBEIEHO B IKCIUTyaTa-
LIMI0 HOBOE 3[aHMe MHCTUTYTA TPaBMaTOJIOTUU U OP-
tonenuu um. P.P. BpenieHa Ha yi. Akagemuka baiikosa.
CosmaHHBIE HOBBIE OTHENEHUSI CTIM HAYYHON U
KIMHUYECKO 6a30ii I pasBUTUSI TaKMX HaIlpaB-
JIeHUt B CMeUMaabHOCTU, KaK SHAOMPOTE3MPOBAHME
CYCTaBOB KOHEUHOCTel, BepTeOposoTus, Heipoxu-
pyprusl, periaHTauus ¢ MUKPOXUPYPIUUECKON TeX-
HUKOI u Ap. B utone 1991 1. ipu akKTUBHOM y4acTUU
B.W. KapmioBa Ha 6ase Poccuiickoro HUUTO um.
P.P. Bpemena 6GbUT CO3JaH peCITyOIMKAHCKUI LIEHTP
SHJIOMIPOTE3UPOBAHMS CYCTABOB KOHEUHOCTET C OTIBIT-
HBIM ITPOU3BOMCTBOM. [IpoBOAMIICH MHOTOTIPOGMITb-
Hble MCCTIeTOBaHMS B 0OOJIaCTM MaTepuaaoBemeHMUs

(MeTasuTbl, KepaMyKa, IIaCTMAaCChl), pa3paboTKu OI-
TUMAaAbHBIX KOHCTPYKUUI U TEXHOJOTUIT U3TOTOB-
JIeHUSI 3HJOMPOTe30B CYCTaBOB pAa3JMUHBIX JIOKa-
JM3anuii, 6bIJI0 HAJaXKeHO CepuifHOe MPOM3BOACTBO
9H/IOTIPOTE30B, KOMILJIEKTOB MEAUIIMHCKOTO UHCTPY-
MeHTapus U Jp.

B 1990 r. Buktop VBaHOBMY 3alIUTUI OOKTOP-
CKYIO IMCcepTanuio 1o TeMe «KOMILUIEKCHOe BOCCTa-
HOBUTEbHOE JIeYeHUe CTONKUX KOHTPAKTyp KOJIeH-
HOTO CYyCTaBa MOC/e TepeioMOB KocTeli». B 1993 r.
eMy 6bUTO TIPMCBOEHO Hay4yHOe 3BaHMe mpodeccopa.
C 1996 o 2002 r. B.W. KapmiioB pa6oTasi B JTOJIKHO-
CTM IJIaBHOTO HayyHoOro corpygHuka PHUUTO wum.
P.P. Bpenena, mpomoskan KOHCY/IbTUPOBATh MalleH-
TOB U CIIOCOOGCTBOBATH CTAHOBJIEHUIO I1€JI0¥ TIIEsIIbI
YCIEeIIHbIX CHeNUaJINCTOB TPaBMaTOJOrOB-OPTOIe-
OB U MOJIOABIX yueHbIX. B.W. KapIiiioB MHOTHe TOAbI
ObLT WIEHOM YUeHOI'O COBeTa MHCTUTYTA.

B.W. KapmiioB siByisseTcst aBTopoM 6osee 120 Hayu-
HbIX paboT, 14 aBTOPCKMX CBUIETETLCTB U 34 MaTeH-
TOB Ha U300peTeHNus.

Buktop VBaHoBuu KapmiioB 6bUT OT3BIBUMBBIM
M IOOpbIM YeIOBEKOM, IPEKPAaCHbIM TaJIaHTIMBBIM
BpauoM, 3a60TJMBBIM M JIIOOSIIIMM OTIIOM, GpaToM,
CYyIIpPyroM U AeOyIIKOM.

[Tamare 0 BukTope VBaHOBMUEe HaBcerga OCTa-
HeTCs B cephlax 61arogapHbIX MaIllMeHTOB, KOJIIET
U POACTBEHHUKOB.
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